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5 : . ADSTRACT

” This study is concerned with the examination of the economic consequences of
establishing multi-modal transportation companies. JMore-specifically, the purpose
;)of this. research is tos—-{3)} examine the economic impact various combinations of
parameters or test factors have oqﬂ; transportation company formed from single
modal carriers, and {2). determine ™on the average™ which organizational form, ¥eeu4-
transportation company versus single modal carriers, is economically superior. .
w M -

; In order to accomplish this goal, éxsimulation model was developed whith thade

i the comparison of a transportation company with single modal carriers)pessible:

: Within this framework, the economic performance ofthe” tvio organizational approaches
: was contrasted for both TL/CL and LTL movements. (The test factors which were -~
" selected for analysis are: . (1)"the opgrating ratios of the—forming-modes—{truck
and rail¥; (2) the load factors of the forming modes, £3) the amount of available
capacity, (4) and the level of shippers' logistics constraints.
N
The performance measures which were selected to describe the economic impact
of operating a transportation system under the two different organizational
approaches are: (1) the expected contribution (to fixed and/or common costs
including profit margin), of the carriers, (2) the actual contribution of the
carriers, (3) the total price paid for transportation by shippers, and the amount

of traffic moved by (4) truck, (5) piggyback, and (6) rail under each organizationalj. )
approach, '
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ABSTRACT

Common ownership has been a subject of debate in transpor~
tation circles for years. Unfortunately, while discussion and
speculation on the subject have abounded, there has been very
1ictle rclearcﬁ directed at determining what the potential
of a multi-modal transportation ccmpany is,

"This study is concerned with the examination of the
economic consequences of establishing multi-modal transjor-
tation companies, More specifically, the purpose of this
dissertation 1s to: (1) examinc the economic impact various
combinations of parameters or tcst factors have on & transpor-
tation company formed from single mcdal carriers, and (2)
determine "on the average' which organizational form, {.e.,
transportation company versus single modal carricrs, is
sconomicaliy superior,

In order to accomplish this goal, a simulation model was

developed which made the conparlaon of a transportation

company with single mo..l carriers possible, Within this frame-

work, the economic performance of the two organfzatlonal approaches

was contrasted for both TL/ClL and LTL moveaents, The test

factors which werc selected for analysis are: (1) the operating

ratios of the formfng modes (truck and rall), (2) the load
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factors of thie forming modes, (3) the amount of available

capacity, (4) and the level of shippers' logistics constraints,

The performance measures wnich were selected to describe the
sconomic impact of operating a transportation systets under
the two di{ferent organizational approaches are: (1) the
expected contribution (to fixed and/or common costs including
profit margin), of the carciors, (2) the actual contribution
of the carriers, (3) the total price paid for transportation
by shippers, and the umount of traffic moved by (4) truck, (3)
piggyback, and (6) rail under cach organizational approach.

A fractional factorisl experimental design was utilized
to analyze the output of the simulation wodel, Appropriate
statistical cests werc utdlizes to: (1) Indicate which of the
test factors or tert factor combinations produced statistically
significant behavior In the performance measures, and (2)
determine 1f the performance weasures were signiflicantly
different for the two orgrnizational approaches.

It was found that most of the average differences of the
performance measures betveen the transportatioa company and
the aiﬁglu mydal carrfoers were signiCicant, More specifically,
for TL/CL movemuntas 1t wae foand that tha expocted and actual
contribution of the transportatfcn cempany were significantly

greater than the sum of these measures for the single modal
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carriers. In the LTL category of movements, the expected and
§ actual contridution of the transportation company was ajain
significantly larger than the combined contributisns of the
single modal carrfers. The transportation company also had the
effect of significantly reducing tre price paid by shippers for
LTL transpor:ation scrvices,

The prine consideration uf the rescarch was the identifi-
ﬁltion and ;xplanatlon of the manner in which the levelw of the
test factors affcet the average perfomance measures, " he
analysiy of chg cffects produced by the test factors revaals under
wvhat operating vonditions (test factor levols) the transportation
company was "economically supiricr” to the nfngle medal cempantes
and vice verda,

The cconomic ampects of the common ownership controversy
are, however, but one facet of a multidimensional problen,

As such, the research has fdentificd the other aspacts of tha
controversy and discuesed their relationshiy <o the results

! obtainnd in this study, Although there re.uin a lot of
unanswared questions which must be rasesrched concerning the
comton owierahip quedtion, this study I8 a atep in the direction

of obtaininy thoyce answuery,




CHAPTER I

INTRODUCTION

Yor qi..te some time now there has been a continuing contro-

versy in trarsportatfon circles about the desiradbility of establiuh~

ing multi-modal traneportation commrunies in the United Stataw,
The arguments for and againat the ownership of rra made of trangpor-
tation by a competing mode have becn rtated and rostated, Tha
naturé of these argunents {s {llustvated {n the following quotation:

The {ssues In tha common-¢unership controversy ara
basically elmple, Major argurents in favor of comion vwner-
ship arc that (1) ft pernfte betier éarvice tu Jhe custessre,
Through the availability of cuordinatad transportation scrvice
undet the control of a [wulti-sodal) t.ansportacion enpany,
oach ghipmant can Ya moved by the wud: or combination wf
modes which beat fits the yeguirerents of the custoner,
Common ownership would not reduce offactive compatition
bacause there would still be many sepavate mode carriers
and several "departsent stores of transportation” genaral
carrieri, (2) There are econemdos fn opuration in haviug
one sales force and une eperating headquartars 4n edci alua
handling the transporvation sarvice, (3) The custouer
convenience would be increuneed because there would ba only
one wet of arrangements required, and a single carrior would
be responaible for any loss or damage,

The duportant argusentz agaliest comnon ownership fueludas
(1) It would stifle compatition and veault In poorar or
more expenzive seryice Lo the shippar in the Jong run., The
raflroads would look to thelr privury Iuanciul Inventment
and divere all possibla tyaffic to thalr rall operation
while veing the trucy scervico to drive {ndependent Liuciera
out of tusiucsu. ., (1) Rallroud or oithey nontruciidng sanages
ments could not do an goud a Job of ruenfng truck cpeoatfons
hecaunte they do nut have thy speatal cnovledge anl
experfence rogquited for best perforiacses. o (3)
Motor-carrier nervice would not bu developed au raptdly

P P
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or as well by common-ovnership compenies as 1t would be

by manageuents which had no othar {nterest,

The abqvc 14stings of pros and coﬁl {s not exhausctivae,
but should give the resder an apprecistion for the types of
arguments being cast back and forth, While wmuch diacuoui&n
sxints, ihere has not been any affective ruvesrch sccotplished
on the subject of multi-modal transnortation companias,

The controvaray has bean unresolved for saversl reasons,
such am entrenched carrier managoments or it least parochial
attitudew Of carrferw congerning thelr own moude, Furthermor.
shippers tend to have & short-ratige perspactive toward the
transportaticn plant, trying to cbtein the maximun beneflts
from the e¢xlsting modes. Ancther reason way thera has bean no
systemalic research on the subject 4s that the prasant laws
which deal with tha transportation cowmpany quastions or
interpretutions of Lhose lawg by the Interitate Commarce
Comalreinn (1.C.C) have buen vary restrtctlva.’ Thisv lack of
eifective renearch on the topic has resulted in the fact that

teday there exiat no suitable decision criteria for datoraining

- ———
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{f tha formation of transportation companics would be in the
public intercat, so the controvorsy conunuel.3

As indicated in the above srguments the question of whether
or not transportation companies should be eatablishad is a mslei~
facatad or sulti-dimunaional problem, That i{s, the formation
of transportation companias involvus econoriic, legal, and social

{apuan which mutt be researched to datermine the i{mpact such

T ;l'lu‘mmwhuwn...,..w.‘;.wmﬂmﬂﬂw«\hmn@ahm:ILM'EM!JNM%I;JM&’M‘.\JMMmmuhvyll;!h!Mﬂ.‘l&ﬂsﬁﬂlmmﬂwﬁm il

companies would ha?a on tha transportation aystem of tha United

states, These companies would (most probatly) have differing

I L A L

effects on tha varlous groups involved {n tho movement of gocds.

The shippers, carviers, and regulators have diffaering

T L I R

objectives concerning the traneportation systom which affect
i their respective attitudes on the transportation company iasua,

Shippers desive a lov coet, efficient transportation systenm

vl LT ot A . 42

capable of weeting their nceds., Carricrs wish to make a good

tatsue

profit in providing transportation services, The regulators

ait in the mlddle botween thesu groups trying to fnsure that

A 488 i TV ey - 87D s Bty

Tt might be pointed out that theve aza some transportation
companics {n the United States, An c¢zemple would he the Southliern
Puclflc Cozpany which operatus seme J0,000 truekdny route niles,
14,000 utles of rafl linas, and 2,300 pipeline miloy (Froak
Cauwpanella, "Oon the Right Track, Barrops, X7, Guoiober 28,
1968, p, 9). Southern Vacific vetalned £1 tru-bfng operaticna
that were bogun prior to 1925 uatder the "prandlather oJause”
when Sectfon 11 was added Lo thie faterstato gesiaerea Act,

Section | §n concernod wlth the regulavion ol raflroads, Whtle
it {m true that sureral other yadlroads owa subufdiary trueving E
companien, the ropdiclors of operating thean aghelataries aro %
poverely Jimbred walor prosentiy fusued 7,000 cortifinaten of

public conventence ang voceanity, as vill Lo chiewn o Coaper VY
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the needs of both groups are met simultancously.

This paper will undertake to examine tha scunomic conse-
quences of astablishing intermodal transportation companies,
The rescarch will be mainly concernud with an analysis as to
how the crcarion f such & company affects the econonic well~

being of the founding carviers.

Definttions

Before proceeding to doscriba the nature and intont of
the research, and to {nsurc no misunderstanding {s created,
the following definitions arc presented and will be used in
the remainder of this dissuvrtation,

Intogration of transportaticn fin:s involves the purchase
or acquisition of n transportation firm of one wode by 4 irans-
portation firm in another tode, A railroad acquiring a truck
line would be an example,

A transportaiion company is a single firm which owns and

operatea entitics in more than one mode of transportation,

Hence, the intcgration of transportation firmg into a
transportation company dnvolves {sgues of <he common eumecr-
ship of more than one mode of transportstion, In the

transportatlon literature the terms coumon ownership and

Aranaportation cesbany are used fnterchangeably and this

practice wil) be followed in this proufect.
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Coordinated transportation is defined as "a point-to-point

through. woverent by mcans of two or more modes of transportation

on the basis of regularly scheduled operatians."a Thus coordi-
pated transportation refers to a particulas: type of transportation

service or "product” which is independent cf the ownership of

the mode:. For example, a regularly scheduled piggyback move-

pent, & tr.ck trailer move. on a rall flatcar, is & coordinated
transportatfon movement if the railroad owus the truck trailer

or 1f a trucking firm owns the trailer,

The Fconomic Issucs

As mention=d above, this dissertation will undertake to

exeinine the cconcmic consequences of establishing transportaticn

conpanies, The formation of a transportation company, resulting

from combining two or more carriers of different modes, could

involve economies from two sources. Common ownership could

lead to economies of scale and potential economies involving

the porasible reallocation of traffir from high to low cost

nodes,

Econonies of Scale

As alluded to in the arguuents for and against establish-

ing transportation companiecs, most, i1{ not all econumic arguments

Nicholas A. Clasticusky, Jr., .\n Analvsis
e Develsprei of Coeyoonagss Alreiraz,
Spoclal e :

and Lvaluntion of

sriaocy iha

1960y, p. 10,
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on the comuon ownership question, are centered on the question

of the extent to which economies of scale can be obtained by

the merger of two modes (rail and truck). Comments such as the
following are typically made by transportation economists, -

The econoules which may be realized frem common ownership

are dubtious, to say the least, as is evident from the

earlier analysis of econcmies of scale in the various
modes of transport ... in addition ... the competitive
nature of motor .., transport would make it impossible

for then to abscru any significant acount of the rail-

road burden.?

From the positive side,

In summeéry, ... integration can lead to economies in the

use of administrative personnel, mainteaance, personnel,

labor oi all kinds, equipment, aad capital facilities.

Many of these lead te better scrvice through speciali-

zation of labor or capitel and, a% the came time, lead

to greater profit for the fivm.”

As can be seen, the disagreement centers on the question
of how similar are the operating functions of the combining
modes and is there enough sinilarity to aliow the transpor-
tation company to centralize functions and climinate duplicative
functions, and so forth. These kinds of questions will be
addressed in Chapter VI, As will be pointed out in Chapter VI,

there really has not been enough research done in this arca of

the transportation company concept to answer the question of

5Dudley ¥, chru1 Trangportaticn Economics and Pudblic
Policy, Revised idition (icmaweod, Tilinois: Richard O.
lmin, InC., 190\4), . '6)0

6
Roy J. Gampson and Martin T
1

v T. is, Deomestic Traneror-
tation: PrinricU Theore, and Poliev
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vhether or not there are substantial econsnles of scale to be

obtained from combining different modes. Therefore economies
of scale will not be directly considered in this study. The

effects of not directly considering economies of scale o1 the

el v adid Rkt g b 2

analysis of the results of this project will be explained in :

detail in Chapter V.

Ecornomies Resulting from the Reallocation of Traffic E

b The major focus of this research project will be on the i
H analysis of the potential economies of comion ownership i
involving the possible reallocations of traffic from high to é

; low cost modes. An explanation of why it uay be possible for é
a transportation company to obtailn econcmies from realloceting %

¢

traffic from high to low cost rmodes deserves some attentica. §

k|

Currently, carriers have the leeway to price services %

be .ween out-cf-pocket and fully distributed coscs7 undeY :

current regulatory policy.8 Assuning firms are profit g

;

70ut~of-pocket costs is a term used in transportation é

referring to the added cests incurred in perforzing an 3

additional service. Fully distriluted cosis are the total of f

variable costs and a prorated porticu of applicable fixed g

costs including a profit allewance £or a transportation move- 2

ment, i

The Passage of the Transportsiion Act of 1958 added parc-
graph 3 to the RPule of Rate =making (Section 1533) o  the Inter-
state Commerce Act., In particular, the Congrcss declared that,
"rates of a carrier shall not be held up to a particular lewval
to protect the traffic of amy othaor oode of truasporiaticn,
giving due censidoeraiicn to the ctjectives »f the natioual
transportaticn policy Jeclared in this act,'

T eifcer, this
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waninieare for the sost part and given theve s excess capacicy,
Lt thea follaws that single modal carriers will carry traffic
8 lohy aé Lt eonCributes somsihitng to maryin, Because each
wode has different cost charactarintics (diflering amounts of
fined and variable comta) and ydven that ¢arriers are profit

ioi&négqru.' thare exiate in t;anapovtation today a situation

additten (o the 1,6,A, directed the Interstata Comsarce Conw
mlsslopn (1,€,0,) L6 base rates for services provided by carriurs
o the basis of wlorFecconsnte analyvels of cha sltustion,
Priar ta 1958, the 1,C,C, dlctated that rates should ba
we Jower (had peesscasy (v slferd the cariiers a falr uppor-
Uity ta ewnpate, In detewzining {f vaten ware just and
veasauabile, Lhe Cekaldnisn would gonalacr such things ass (1)
the effsct a new eaie weuld have on the tralivte of anatlisr
€avFler, (Z) the velatien of the vals to thsse of other carriere,
ohd (3) rtheiher Lhe Fats Was Lever thai nedessary to wec! tha
eedpelition, '
The test caso for tha 1958 Rule of Rate Making was the Sea-

Land Case (1,6,0, v, Hav Yerk, Yeu ilavan, and Martford R,R. Cea.,
A G T4 11963)) ehdich wint all the wa? to the Suprasme Coure
fer ahe final declafon, The uprese Cuurt accepled fully dlatis~
buted eosts as a reasure of fnherent Advantage a6 & test fov
deterrining whailer a particulay rate I8 unfady ov destructive,
e Ceurt did, hovever, atipulaie conditionas whep this finding
eoul? be svervuled, These arut  {1) wien and 1f ather acceptable
€08 1ng £landards wers dovalupad by thie 1,0.%,, (2) a high cust
earvier can bage frtes oi oub=sf-pochat suste rather then fully
dletethuivd ensts providad thesa are not bolow the fully distyi-
buted vusis of Lhe Jow cast cavrdor, Thus, th Fea<land Case
pealbiy ool that the |,L.0, Wwaz Lo utthlze nloreagonnate ainly gy
fn the duteretnagt fon of ratas fur single nidal carrdors dn cenpe-
tabdui 4th cairlers I grper wados,  The daecond oxueplivn Bade
by the “cart Tas created 4 opreat guntFeves Y whildh feoatfl)
iteed ) hed eday (ace fpsot Molday i, Lo btoddton, Fye, Y GG
SIL Q1)) comcntadi, Lia boved aof teste cooeeptey o wpect e
teapeport Lapbels ate stbfoct to fptoviesinl goupatdoion, AU Uhe
preecul tleg, tate pudat bonshilue bolveen cmgoting rodes eyl
gorewhie g o beses o ol cest sndl guhwe dorslop of ﬂ.uf‘::l’.’.ﬁ 0nr
T ‘---H‘i!-i [ I
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vhers cnrri)la of one mc.e are competing fur traffic which can
be moved more profitably at the same or competitive rates by
carriers of snother mode (with differant coot characteristics).
This point is sudbstantiated by past chairmin of the I.C.C.
Howard Freas when he pointed out in 1958

However, when competitive traffic 1s hauled at & mininun

of profit by carriers whose costs are relatively high, the

low cost carrier who at the same or lower rates couvld
provide the scrvice at a reasonable profit is deprived of

cotPcanberbiond saspegbinveautlininclitendn i Fenlblie

the business, DBy having the high cos: carrier perfora the
ssrvico, the overall charges to the public are not reduced
as other trafflc must bear a disproportionate share of the
total transpartaticn burden. Thus, tue public is prevented
from receiving the benefit of the mors cconomical grrvice.i0

Thus 4t {s evideut that thore exists the pstential for a tranapor-
tation company to achieve economies by reallocating traffic from
high to low cost modes. Whather this {s pirsaible or not deperds

on many factors which must be analyzed.

To date there hun been no quantitative microecononic analysis

of the transportation company concept, Pater §. Douglas has

supported this finding and mtates in « recent article, "No pro-
ponent of 'cctmon ownership', however, has yect undertaken pubifcly
to {dentify the economlc forces that might make coordination of

separate modes luss covtly under a eingle uanagement than under

1
separate mancgements.' 1

e S Y

1OU.S. Congresy, Senate Comnlittee on Counerce, datienal
Transport atlen vollzy (The Loyle Report), S. Rept. 445, 67th
Contrens, st sesalon, 10601, p, 217,
11 . "ep e . 1
Peter 5. Douglas, "The Ecenenle Trrelevance of 'Cerenon
Ovnerahtp ! " LG G Yrviticiers Journal, UVI (July-ivsust,

19¢9), p. Viun,
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Purpose of the Dissertation

In the ight of the previous discussion on the economic
issues of the common ownership controversy, the purpose of this
dissertation may be stated. The purpose oI this reloargh project
1s to examine the econonic impact vatioﬁs cocbinations of parameters
or test factors have on a .:anspOttntion coupanylforued from single
modal carriers, In the accomplishment of :his'goal. the rescarch
project will attempt to providclinforaation on the cause and
effect nature che parameters have on the economic performance
of the transportation company as compated o the economic per-
formance of the single modal carrieras of which the ?ransportation
company is conpriscd, A sccondary, but important, goal of the

research {8 to provide a basis for future rcscarch efforts,

The Research Approach

The recearch approach used in this project will be to identify
the exogeneous controllable and untontrollable var{ables, the
endogencous variables, the constraints, and the relationships
betwcen them. Taking these factors into consideration.:a
mathematical simulation model will be constructed, Once the
mathematical todel has been developed, a hypothetical transpor=-
tatfon systes will be analyzed in whoch th. parameters and con=-
stralnts will be alloved to systematically vary Lo deternnine
what effect each has on the solution of the model,

It should he pofated cul that this tyoe of an apnreach tc

the problem s necesgsary for the following reascns: (1) while
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it de not necessarily easy to abstract the real world into symbolic
models, it {1 the only practical way in which the operations of an

integrated transportation company can be compared with the operations

.of competitive single modal carriers made up of 1ts composite cnzpanies,

There is no data on which one can draw which compare the operations of
8 truly integrated transportation company with competitive single
wodal companies. That is, while there are some transportation

campaqien in the United States, they do not compete directly with

single modal carriers with exactly the same route structures, load

factors, management skills, and so forth., (2) As one might guess,
the carriers, shippers, und regulatory authorities as a group are
not willing, for their own parochial reasoas, to experiment with one
segment of our transportetion system to sce if the concept really
"holds water". Furthermore, even if one experiment did work, this fact
would offer no proof that the concept would be valid under all cen-
ditions. Thus, one of the bencfits of utilizing mathematical simu-
lation models is that it is possible to maaipulate the pzrameters
involved which make two situations differeat to determdane the outcome
on the solution at a reasonuble expense. (3) The formulation and use
of a simulator to analyze this problua arza has never been attempled
before and hopefully this approach will be us<d as a buildiug block tc
extend quiantitactive methods to add carrier wanagenents,

The data used in this study w1l bq hypethictical yet will

reflect actual differennes In operatiug chiaracteristics between
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modes. Realistic hypothetical data serve the purpose of this
dissertation as well as recal data, because they will be used as
& cormon dencainator for comparing the same transportation modes
operating under different organizational structures.

With respect to simulation per se, it has becn defined
as follcws;

A eimulation of a system or an organism is the operation
of 8 model or simylator which is a representation of the
system or organism. The model is amenable to tanipu-
lations which would be impossible, too expensive or
impractical to perforn on the entiiy it portravs, The
operetion of the medel can he studied and, frem it,
propertics concerning the behavior of the actual systen
or subeysten can be inferred.

In essence, simulation can be viewed as an experimental
means fcr generating an artificial history of a system for
purposes of analysis,l2

Thus one of the distingzishing characteristics of simulation
atudies is their reliance on the model-building apprcach to exaning
problers. Hillier and Lieberman have put for:h this proposition

as follows:

.+ 8imulation typically is nothing more cr less than the
technique of perforning sanpling experiments on *he model
or system, The experiments are done ou the model rather

~ than on tlie real system itsclf only bucause the letter
weuld be teo inconvenient, cxpensive, and time consuning.
Otherwlse, simulated esperirents should be vicved as
virtually indiclinuJiaP¢J1C froz ordirary statistical
experiments,, .4~

Z,, . .
lormin L. Chcranv ﬁi§}“u‘a:;gl Atalvsiea of Cash Flow
Patterns Mithin A Monefsoiaring SLiattien, (L"..;.‘ui:)_‘iz‘:.ud D.h.A.

dis: ,ortwt.u\, Lraduate vi.oo : -uw;zuts, dasdana Uneversicoy,
1968), p. 10, quotiny frow Mariin Shubik, "Sinulation of the Flmm",
Amerfcan Feonprds Revice, L (Deaczber 2900), po 509,

13}'r¢ derick 5, Silller and Covall Jo Licberman, Totrodoce e
Lo Operation: fesetran (0 'r4n¥.,co, Calfisrntlar holde iy,
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It nust be recognized, however, that while there are certain

advantages in utilizing this model-buildiné approach to analyze

- 8 problem arsa, there are corresponding disadvantages, As Hilller

and Lieberman put {t:

Mathematical models have many advantages over a verbal
description of the problem. One obvious advantage is that
a mathematical model describes a problem much more concisely.
This tends to make the over-all structure of the problen wmore
comprehuensible, and it helps to revezl important cause-and-
effect rtelationships., It also facilitztes dealing with the
problem in ite entirety and considecing all of its inter~
relationships simultancously. ...

On the other hand, there are pitfalls to be avcided when
using mithematical models. Such a mcdel 18 necessarily an
abstract idealization of the problenm, and appreximations
and simplifying assumptions generally are required 4f the
model 18 to be tractable. Therefore, cara rmust be taken o

inoure that the mndel vemains a valid representation of
the problum.14

With these advantages and disadvantages ia mind this model~

building approach will be utilized to achieve the objectives of
this dissertation. The study will be undertaken in three distinct
phases. Firai, the model used to analyze the economic consequences
of establishing transportation companies will be presented,
Secondly. the‘teat factors and perfermancc measures utilized in

the stud: witl be presented. In this phasc of the study, the
relationship of the rmodel to the reel world will be ecritically
discussed., Thirdly, the evaluation of the results of the sinc-

latiou will be prescnied as well as the irplications the study has

on the rex) vorld and future rescarch.

Yp4d., 9. 15
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antribution of the Dissertation

Speculation and intuitive belief have guidad the arguments
concerning the establishment oi formation of transpertatfcn compa-
nies. Inves:tigation, not speculation, is required 4f objective
decision criteria are to be established, as to when or under what
circumstances transportation companies would be in the public
interest, As indicated above, developing criteria for this purpose
is a multi~-d{mensionesl undertaking, This dissertation is con-
cerned with one part of the economic feasibility of common owmership,
The diescrtation will answer such questions a3 under what operating
conditions, :raffic conditions, and cost conditiuns will the transpor-
tation compaty result in lower costs for transportation users and/nr
greate: profi:sl5 for the industry than by keeping the {ndividual
modes separate,

The rcgults and methodology of thir study could hopefully be

incorporated in a rigorcus syitems analysis of the coucept which

h ]
. H ‘4 $oail
it tamnnn Ul MG ol Bt OA .ot citon Y, ittt i .t DG e ettt oot oo b #MMMMMFMM

should be performed by the I.C.C., ot Department of Transportation,
The major thrust of the research could then be thought of as a

necessary part of & ¢ystems analysis on the commen ownership contro-

EI A

versy which {dentifics some of the cconomic irpacts on the carriers

el 0 g

involved in forming transporiation companies., The information

lsProfitnbillty will be measured dn terms of the total countri-
bution made to fixed and/or cor:on cests fucluding profic mar,in,
For a detalled cxplonation of viy this neasurcaent was uicd sce ;
Infra, chapter v, pp. i60-162, %
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; generated and mettodology used in this dissertation could be :

incorporated as part of the analysic necesasary to determine {f such

oo e <1 g

companies would be in the public interest, The 1.C.C., {f {t were

% to attempt such an analysis, would also have to consider not only E
: the economic aspects of the problem, but also such factors as to how 3

. such companice would affect shipper convenience and service, effect
Ei

on corrier enployees, legality, desired lcvels of competition,

s Al

regulatory problems, and whether or not such companies could be

4

effectively organized and managed. Only after all these questicas
have been researched can apprepriate decision criteria be formulared

as to vhen the formation of a transportation company would be accially

Lot

} desirable.

The major focus of this research wil] hopefully provide a

nevw perepective and a foundation for rescarch on the question of

T T SR ol

e S wd s A it 14

the transportation coupany concept. The research should, howevcr,

provide guidelines as to under what circwrstances a transportation

B o 1

company will be more profitable than single modal competing carriers,

ST S0 R e 5+

The methodology utilized In this study could also be used, as a

foundation, to develop a rational basis for determining when carriecrs

il ) vt 18

should provide coordinated or single modal trangportation services,

s 1 e AN g

Finally 1t {is hoped that thiv disscrtation will be used a3 a
building blo:k to cxtend the applicatiens of quoantitative methcds

in carrier managenent,
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Organf{zation of the Dimsertation

The remainder of this disscrtation consists of six chapters,
Chapter II involves the formulation of the model. The chapter

deals with the definition of the relevant decision variables,

‘explanation of the form of the objective functions, and statement

of tho set of constraints within vhish the simulation will operate,
The chapter ulso prosents a discuasion of the scope of the rescarch
as well as a description of the pertinent assumptions.
The first part of Chapter III fdentiffes the paraceters as
well as the vandom components of the model which will be varied
in the analycie of the model tn determine what effect each has on
the solution of the model. The remajndor of the third chaptur
explainy how the cost data will be genarated. The costing categories
for the modew are established and an explanation of the wmanner in
which the teat factors cffcct costs Js given. Following this
explanation, the Liuusportaticn system which was modeled 1s presented,
Chapter 1V focusenvattcntion on the nature of the sxperi-
mental deefgn and the analytical und atatistical methodology uned
in the disscrtation. The chapter discusscs the problex of realism
in the simulation and presents the perfornance measurcé Oor sunmary
statlstics which arce used to describe the results of the simg-
lation. The chapter also discusses the nature of the particular
experfrental desfgn utllized in the study,

The £ifch chapter presants and analvzes the rerults of the

simelatinn,  The analysils Yndlcates which test factors afgniff-

b
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cantly afiect the economic impact of a traasportation company

i
i

i

vis-8-vis single modal carriers,
Chapter VI didentifies the other aspects of the comaon owner-

ship ccntroversy that were not considered in this project and

A Db ot

discusses thelr relationship to the rescarzh accomplished {n thie

study,

btk qbﬁmuulnm it

Chapter VII discusscs the results and implications of the

itudy in the broader framework of the controversy.
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CHAPTER Il

DEVELOPMENT OF THE MODEL

Very broadly stated, the purpose of this chapter is to:
(1) develop the foundation for the simulation model utilized in
this project; and (2) present and discuss the simulation model,
The chapter begins by identifying the scope of this reszarch
effort. Next the important assumptions which are made during
the conduct of the rescarch are discussed., Following this
discussion, the key varlables of the sizulation model are ;re-
sented with the purpose of introducing the model in an overview
fashion.

The chapter will then present a descripticn, in mathematical
and verbal terms, of the nature of the decision environment
within which the shippers and carriers operate. Attention will
be given to the interactive nature of the process by which carriers
mak  -cquipwent allocation decisions and shippers choose methods of
tran.portation for movements. The nature of the manner in which
carriers determine rates is then presented, The simulation‘model
which will be used for analysis in the project is then presented

and described.

Scope of the Fescarch

The American transporiation system, which 18 councerned vith

the movement of {relght, {s so pervasive that it i¢ alrost beyand
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imagination. “he system is composed of thousands of origins
and destinations connected by millious of miles of roads,
; railroad tracks, canals, rivers, pipelines, and air routes,
i There are five modes of transportation concerned with the
movement of freight. These modes involve uotor, rail, water,

pipeline, and a&ir transportation. These modes literally move

billions of ton-miles of freight each year.

To simplify the analy.is and to limit the scope of the
research *: a manageable size, the research will restrict the
uumber of origins and destinaticns, the nuuber of founding modes,

and the number of comnodities considered.

Because there are many possible cembinations of modes whizh
could be formed into a transportation compaay, the ressarch will
consi&er the two modul corbination which would most probably
have the most significant economic izpact on both the shippers
asd carriers coicerned. Air carriers and freight forwarders are

invo.ved with a relatively minor amount of the total freight

wovements. Domestic water carriers are liaited to thelr geo-
graphically controlled routz structures. ?2ipelines carry s very
lim{ted product line. The analysis will therefore limit the

system congiderid to the two modal case involving a railroad

and a trucking cotpany, and a trzasportation coxzpany wiich operates
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both the rail and highway modes. These two modes are by far
the most important modes involved in the movement ofﬁfreight.l
In simplifying the analysis by considering only two modes,
the results which will bz obtained are restricted to the modes
considered. This is so because each wode has different econonic
or cost characteristics which must be considered in the research.
The extaension of the analysis to transportation companies con-
sisting of more than two modes is conceptually straight forward,
although not necessarily easy to accomplish. To consider other
two modal transpurtation companies composed of difierent modes

should be a simple process once the methodology is established.

This study will address itself to only a portion of the
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total rail-truck market. The study will focus attenticn on

ccmmoﬁ carrier truck and rail moverents including Plan I and

Plan II piggyback movements. Other forms »f piggyback movi-

ments will not be considered.2 Furthermore, the analysis will
also consider only one product. This product may be considered *o

be the class of commwditics which are subj:ct to intermodal

|
q

competition for novement.

lln 1969 the total estimated revenue of all regulated rreight
carriers was approxizately 26.4 billion dollars. Of this -.ual
regulated railroads and motor carrizcs acesunted for 92,787 cf
this total c1 24.3 billion dollars. "American Truching Treads 1970-
71", Departments of Rescarch and Transport iLcoucnics and T

iz I B huan g

STk

Public

Relations, Arerican Truciing Associaticns, Ine. (Washiagton, D.C.), p. 16.

WD R Y

2 . .

Plan 1 pigpyback rovements utilize common carrier truck
trailers on rail owncd flurcars. Plan IT piggrback movenents
involve rail owaed troilers and flartezre,  there ave other fcrms

of plpgshach movenents which davolve suipper voned truek troeilers,

N
and stiil others which cater to L1 ikt forvardors,
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Restricting the analysis to cne product with average commodity

characteristics does present some difficulties. The commodity

.
characteristics of goods does affect the cost of movement. Once
& system is solved for the averzge commodity, it may prove worth~
while to adjust the costs in the analysis by the amount these
characteristics cause the costs to deviate from the average. If
this 1s done, the transportation firms would have exact commedity
break points for the modes over a cartain segment.

The size of the transportation market which is subject to the
intermodal competition is an important factor for detetmining if a
transportation company has a greater profi: potential thzn two single
modal carriers. If all traffic were subjezt to intermodai cozpetition,
there could exist many possibilitiecs where a transportation cempaay
could.generate a greater profit contribution than the competitive
single modal carrier by allowing each mode to be used in its wost
profitable market segments. If there were no traffic subject tc inter~
modal competiticn, there would be no increased profit potential for
a transportation company by allocating each mode to its proper
economic rele., There may however still be some econnmies of scale
involved in this situation.

?o the extent that service diffars between the modes, the
effeéﬁive size of the auount of traffic whichi 4s subject to inter-
modal competition is reduced. For instancz, if speed betwecn
tmndes were substantiailly diffecrent between tuo points cnd this

was an imporLant decisien varfable for a shipper, this factor
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suld raduci che amount of traffic subject to intermodal com-

petitten, The effect this would have would be to raduce the

afea Ih whieh offeetive savings are likely to result by the
resilocation of traffic to the most profitable modes, This

type of aftuation could rasulet also 1t a shipper'ns logistics
Gyiten vas sot up only for une mode of transportation, regard-
baas of whathar or net ft 49 tha low cost carrfer by which the
trannpor Letfon eompany would liku to tove wis shipments, To the
sitent this Lype of situatfon prevents the movement of gooda

by the jow cumt carrfer, tha lees will be the economic {mpact
erdated by [orming transportation coupanies., Thewe types cf
elLuatiens enn ke ineorporated into the enslysis Ly constraining
the masner 1y wiileh Bovements can be made between oviging and

dsutinatienn,
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Restricring the nusher of origin and Jestination pairs to
thai which Is wenageable doss not really affect the generality
et the resulte, Fur inztance once the break points where modal
#liffts shauld vecur aré found on a purticular network segnent,
a1l the aedgtn and dautinatfion pairs batwean those pointm should

be e ved by the sume vodus or modal combiosationn,
!

208t gl 2000 e s b

Onag further Jintcation will bo pleced on the analysiy

LIl

peiioinad fo this d=ecrtatfon.  The simuwlation will be a short-

tun seopotte o alvals, In fact, the afnulatfon rung whiclh will

it

be anslyesd will ho coneorned vith comparing the oconvmice
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performance of a transportation company wicth a single modal rail-

S
=z
e
E
£
H

road and trucking company for a single time period. This time

aeie

peried may be thought of as being one day. The analysis will

o

not suffer due to this limitation because, as will be shown in

PRI

8 later section of this chapter, the decision processes which

are being sinulated remain the same from time period to time

period,

Assumpticns

Now that the scope of the research has been described, this

section will identify the pertinent assumptions which will be

utilized in the formulation of the simulation model.
The study will assume that the appropriate regulatory agzency,
) the Interstate Commerce Coruzission, will continue to safeguard

E the public interest. In other words, it will be assumed that

TR AT R g

e b

the activities of a transportatien cormpany, as well as the single

b

! modal carriers, will not be allowed to run contrary to the public

AT,

interest by such actions as zharging cexhorbitant rates or dis-

oA

- § crimination between shippers. This assumption of continued

: | repulatory supervision allows the author to assume that the rates
e | charged by the singi» modal carriers and the transportaticn
compan: will e deteriined by a8 consistent policy which will be

cxplalned in a later section, Furtheruore, it will be assuncd

ot e o1

i T TS, WA
e

that the I,C.C. through ite rate making policy will contrel the
averape operating ratios of the modes. The I.C.C, will thus

Indirectly control the everaze rate of retarn for the nodes,

i
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Since the time frame necessary for 'thz analysis is a shori-
Tun analysis. one can assume that the physical plant of the
companies is fixed. Thai is, the number of: tractors, trailers,
flatcars, locomotives, terminals, line miles of track, road milng,
and go forth, will be considered as constaats in the analys?s,
Furthermore, the technological state will be lintted té the
current statc of the art.

For cer:ain movements, the physicai characteristics Pf
products restrict certain modes from carrying them. For instance,
the shock resistance, or.sizc or weight of some commodities could
limit them from being moved by any one mode. This factur reduces
the nunber of combinatiogs of coordinated movements to those
involving the zodes which are physically capable of carrying
the goods. The modal developed below will‘consldqr the commodity
to be capable of being transported in a standatd railroad boxzsar
and/or a standard truck trailer, Piggyback.movcnents will beI
limited to the standard ;onfiguration of one or two standard
truck trailers on a flatcar,

In addition the assumption will be made that when the
service characteristics of the modes are equal, shippers have
no real preference betweeu the modes 1£f they are physicalls
capable of dealing with cach mode,

It will also be ass;:ed that shipients subject to logistics
constraints will Lo movesd before the carrlers move competitive

teatile,  This seans reasenable becaune carrlers nicht be expectod
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to satisfy a guaranteed market before they would enter into
the competitive market place.
Furthernore it will be assumed that the transportation
company faces the same demand pattern as the two single modal
companies of which it is composed.
The final essumption which will be made in this project is
that the transportation company can be effectively organized in
such a manner as to achieve its objectives, The objective
functionz of the transportation company and the single modal
carriers will be presented in this chepter,

The assumptions utilized in this study will be cricically
on rcleting the vesults of this study to the real world, 1In
'addition, Chapter VI devotes special attention to the‘disCussion

of these assumptions and their relationship to the real world,

Identification of the Important Variables

Now that the pertinent assumptions which will be utilized
in fhe formulation of the model have been stated, this section
will idéntity the izportant variables with which the nodel will
be concerned. The purpose of this sectiou is to acquaint the
reader. on ¢ very general basis, witi the "Input and ecutput”
variables used in the simolation analys:s. This material §s

presented at this time to facilitate the underzianding of the

mathematical stcoucture of the decision envirencent and the

analyzed throughout this thesis to detarmine the impact they have
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simvulation model which will be presented in the next two
sections of this chapter.

There are two classes of variables which the models, to be
developed in the next section, manipulate to arrive at a solution,
These variables are exogenous and endogerous variables, '"Exogenous
variables are the independent or input variables of the model
and are assumed to have been predetermined and given independently
of the systen nodeled."> Exogenous variables may be subdivided
into controllable and uncontrollable variables. “Endogenous
variables arc the dependent or output variables of the system
and are generated from the interaction of the systews (model's)
operating characteristics."b Endogenous variables are svacnomous
with the decision variabies in this study. The parameters in
the mod.'s forwulated below may be thought of as specific values
of the cxogencus variables. In other words, the models will be
solved with different parametric values. These parametric values

wmay be thought of as "snapshots" or a specific value of an

exogenous variable,

3Thomas H. Naylor, Joscph L. Balintfy, Dorald 5. Burdick,
Kong Chu, Computer Simulation Technigurs, (New York: John Wiley
& Sons, Inc., 1967), p. 10.

“Ivtd., p. 11.
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Exogenous Variables

Attenticn will be focused first on the exogenous variables
and in particular on the uncontrollable exogenous variables,

The cost of movement between any two given points may be con-
sldered an exogenous uncontrollable variable which is a
function of many other uncontrollable variables.

There are many variables which affect the cost of movement,
These variables may be divided into two categories--those which
are concerned with the cﬁaracteristics of the commodity being
moved and those which are concerned with the route over which
the movement will take place. The following commodity charac-
teristics all have an cffect on the cost associated with the
movement of ¢ particulzr commodity: loading characteristics,
susceptibility to loss and damage, volume of.traffic, regularity
of traffic, end the nature of equipment required. The following
route characteristics also directly affect the cost of move-
ment: distance, operating conditions such as geographical and
weather factors, and traffic density.5

Another exogenous, uncontrollable variable is the demand
for transportatiovn between points, While it may be truc that

\ individual carriers can affect the depmand for their services over

Chapter 4. T
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time, the short-run nature of the study has the effect of fixing

the demand for the carriers invclved. The same is true for the
apount of traffic which must be allocated to onec mode or the

other due to shippers' logistics constraints,

It sh.uld be pointed sut that the nature of this analysis,
being a (very) short-run economic analysis, has the effect of
adding certain variables to the 1list of uncontrollable exogenous
variables which over s longer time period would be controllable
variables. 7The short-run analysis also ha3 the effect of more ' :;
or less "{ixing" these variables at the values they have assumed

at the "woment" of obéerva:ion.

The controllable exogenous variable ia the analvsis 1s

the schedule of carrier operations, This variarle 1s a functicn

D

of both cost and demand, For instance, rail managerent may

institute a policy of moving freight only when the train reached

100 cars (cpproximately)., Thie may have the effect of limiting

service for a certain community to once-per-day service. In

essence the scheduling activities of the carriers create the

amount of capacity which is availaebla at each point for move-

ments, although total capacity is fixed.

Endogcrous V. riadbles

The wodels for the single medal cortpanies and the transper-

tation coipany which will be presented in the next secticn, preduce

a number of endegzeavus or decdnicn varlables, These variablcs

arce the wrouat of hundved welght 1000) thal will Lo maved herveen
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origins and destinations by truck, rail, or piggyback, end the
amount of capacity the.carriern will allocute to the various
origins, The rate at which carriers price their services to
shippers is &lso an endogenous variable, although the levels
rates can assume are bounded by reguiatory restrictions as will
be explained in the next section.

The rate shippers are charged is dependent upon the cost
functions of the carriers., The rate between two pointe 18
dependent not only upon the commodity and route characteristics
of the movement but is also dependent upon the competitive nature
of the movement. As will be discussed below, carri~-s have a
certain amount of leeway in pricing thelr services when con-
fronted with competition.

The amount of Cwt., moved between origins and destinations
by each of the methods of movement is dependent upon: (1) the
demand for transportation; (2) the amount of traffic which is
constrained to move by each mede due to shippers' lozistics
constraints; (3) the amount of capacity carrlers allocate to each
origin; (4) end the mezaner in wuich shippers select the mades
for traffic which is not constrained, {.e., competitive traffic.

The equipment allocation decisions of the carriers is dependent
upon the amoent of contribution to fixed and/or common cests
including prefit allotrance cach movenent mares, That is the
carriers will allocate thely cquipment In such a noaucer as te

maximize the'r expected contrilution. Tue cupooted contribylion
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is dependent upon: (1) the forecasted derand between origin and
destination pairs; (2) the cost characteristics of the move-
mento; (3) the amount of traffic constrained for each mode by
shippers' logistics systems; and (4) the competitive nature of the

movements,

The Decision Environment

From the discussion in the preceding section it is apparent
that the Aecision process of the carriers and shippers are inter-
active to a large degree. The nature of this decision enviren-
ment will be explained in detail in this section.

The decision environment within which the shippers and
cerriers operate can be viewed as a constrained minimization
problem which interacts with a constrained ma#imization problem.
In other words, shippers will choose the least cost, as measured
by rate, method of movement between two points given that ﬁhis
method does not violate the shippers' logistics constraints,
Operating within this decision framework, the carriers will
attempt to maximize their contribution to fixed and/or common
costs Including ;rafit margin by allocating their cquipment to
the most "profitable" route seguents. The anount of capacity
availalle tu shippers at each origin then is dependent upon the

equipwent allocation decisivns of the carriers,
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Identification of the Symbolic Terminology

The nature of these interactive decision processes will
be exarined in detail following the identification of the neces-
sary symbolic terminology.

Let xijk be the number of hundred weight (Cwt.) moved from
point j to pcint k by mode i, The designator i equals 1 when
the movement is by common z2arrier truck, 2 when the movement is
by Plan I piggyback, 3 when the movement i3 by Plan II piggyback,
and 4 when the movement is by rail. The designator j represents
origins; k destinations. Thus the variable XlAB would indicate
the number of Nwt, mrved from A to B by truck, In other words,
the xijk are the decision variables which {n the sclutien ~+111
indicate how much product will be moved by what wodes between
given points to‘satisfy demand.

Let rijk be the rate per Cwt, charged by a carrier for
moving the product between j and k by mode i, Similarly, let
Cijk be the out-of-pocket cost6 to the carrier for moving the
product between j and k by mode 1. The i's, j's, and k's are
defined as above.

Let dJk represent the demand in Cwt. {or transportation
service betreen the iwo points j and k.

Y

14k is the capacity in Cwt. allocated by mode 1 for move-

ments between J and k. Yljk and Yij is the amount of single

b
Supra, chapter f, p. 7.
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wodal truckirg capacity available for over-the~road and Plan I
piggyback mo\ements, respectively. Y3Jk is the smount of rail
owned trucking capacity available for Plan II piguyback move-

ments, Y is the amount of rail capacity allocated for

43k

movements between j and k. FR is the smount of flatcar cavacity

which tne railroad has available for both types of piggyback
movedents. FT the amount available for Plan I moves is equal

to P, ~ LIY That 1is, the railroad‘does not have to previde

R i 3jk’
flatcars for Plan I moves. The railroad will only do so 1{f it

is not using all flatcar capacity for Plan II. FR and FT will

also be expressed in Cwt. capacity available by multiplying che
number of flatcars available by the capacity of two standard
truck trailers.

W,, will be the amount of traffic whi:zh must be loaded

Jk
{into trucl trailers, either rail 6r truck company trailers, at

j wmovement to k. This is the quantity of product for which
shippers' lcgistics systems are set up for trucking operaticns
only, In other words, some shippers only have terminél fecilities
for truck trailers; Similarl} UJk is the amount of Cwt. which
must be shiped by rail due to some shippers' logistics constraints,
between j and k,

2., is the amount of product which auct be moved between

jk
points j and k by the truck over-the-road. This quantity may
be thought ¢f as the amcunt of traific whdch wust be woved {aster

than what the rail or piggyback modes can offer,  Again thie is

a logintical conutraint of the anlpoers which int be satis{ict,
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The Shippers' Dilemna ?
The nature of the problem which shipp:rs face, that of é
choosing a method of movement, 18 a constrained minimization é
problem which fits within the framework of linear programming. é
In other words, after the carriers have made their equipment
allocation decisions, the shippers must choose how to move their
products. The linear progranming formulation for the shippers'
selection ameng alternative modes when faced with a systenm
of single modal carriers is presented below.
Shippers' Modal Selection Model :
When Faced With Single Modal Carriers <
s L+ S )
Hin 2 ;k[rljklex Tagfogk F Tagage o rnd
Subject to; %
Demand satisfaction i
. . + N \
) ",uk + )‘ij x3jk + xl‘jk djk for all j and k

Capacity constraints

(2) X + X <Y + Y

13k 24k 15k 24k for all j and k ;
(3) LIx $F
1 33k R i
(4) ILX s F, ~ 2IX
% 25k R 3k ,:

(5) X <

Y3jk for 311 § and &

Xéjk < Y&jk for all j and k
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Loglistics systems constraints

(7) xljk + XZJk + x3jk 2 wjk for all j and k

(8) Xogk 2 Ygi for all j and k

9) lek 2 zJk for all § and k
xiik 20

The different modes of transportation have different cost
characteristics which are reflected in rates in the objective
function., Faced with these sets of rates, shippers will allocate
their traffic to the low cost mode, given that their logistics
system does not constrain their choice.

The demand satisfaction constraints--equation (1)-~insure

that demand is met providing the carriers have provided adequate

transport capacity at the various points--equations (2), (3),

(4), (5) and (6). If the carriers do not provide enough capacity
at each origin, there may be no feasible solution to the above
problem. In other words, the demand for total transportation
services may not be satisfied betwecen all origins and dastinations,
1f the carriers do not allocate their equipment in such a manner

to make demand satisfaction possible. The manner in which carriers
make tlL.eir <, uipment allocation decisions will be discussed ir

the following scction of this chapter.
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Equations (7), (8) and (9) constrain the solution to be

compatible with logistics systems of the shippers. Equation

(7) indicates that certain shippers have logistics systems which
are capable of handling only truck trailers, although a decision

must be made as to how to move the goods--by truck, Plan I or

Plan 11 pigzyback. Equation {9) indicates some shippers must

have their product moved by truck “or speed of delivery. Equition

(8) indicates some product must be moved in rail boxcars again

becarse of shipper logistics systems demands.

Similarly, the linear programming fornulation for the
shippers' selection among alternative modes when faced with a

transportation company censisting of the same two modes is
presented below,
Shippers' Modal Selection Model When
Faced With Transportation Conpany

Win 2 = §i”ljkxljk * et T

Subject to:

Demand satisfaction

(1) X)gk ¥ ¥age * Xgp = 4y for all J and k

Capacity constraints

(2) lek + x3jk < Yljk + Y3jk for all j and k
;) IIx <F

PRl
(4)

xajk z YAjk for all j and k
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Legistice aystoms constrainis

$)] "uk ¢ xm 13 w” for all j and &
(4 xm 2 "gu for all § and &
Ko > ©

- This forsulation is very aimiler to that of the two modal
ecobpetitive madel, One major difference, howevaer, is thet the
det of dectelon variablgilxzjk aud yZJk arv absent in the mecdel,
Thie arines becauns Lhe transportation coupany owns both modes
80 thist Flan [ plesyback fs {dontical to Plan II piggybnck.
Perhepa & tiev patation eouls be deVulobed ‘or this type of pigyy-
back wavement, but to keap the interpreation of saymbols as casy

‘an posiible xljk will be used to {ndicata 4 piggyback movement

1
2
gs
g:'
a
i

by the transportation company,

Fquations (1), (2), (3) and (4) scrve the same purpose as
fn the single wodal competitive mode), that is to insure that
dewaind 16 satisfied {f there {6 adequate capacity available.
EQuul!nﬁs (5), () and (7) conatruing the solutfon to be come
patible wih shippers' Jogtstics dumanda, '

Tuesu 1oaear projiams because ol thel s structure have trivial

sodutiona,  The molutlong to Lhe prograus wi{ll always fnvolue

shidppers choosting the low cont mode of transportetion glven
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l

this is nuot {nccapatible with their respective logistics systems
snd providing that carrlaers' allocate their equipmént in such a
panner that t-is is possible. This fact will simplif, the forou-

lation of the simulation model.

The Carriers' Equipment Allocation Dilerma

The above ciscussion of the shippers' dilemma is but one
part of the total decision environment im which the carriers and
shippers operate. This section will focus attention on the nature
of the probleu the c¢/criers face,
| If a transpoftation company 1s to credate any economic benefits,
4t must be Able to offer transportation services at the same or
lower rate to chippers while maintaining or improving upon the

profitability which single modal firms could obtain., As

mentioned previously, this would be possible if the transpor-
ta.fon company could achieve economies of scale and/or {f the
allocation of ecquipment by the transportation company results
L in greater total preofits than the manner {n which the single
mnodal companies allocate their equipment,

If thie sllocation of equipment to ordgins ds diffccent

. . za TR i AL .'l.
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between the two organizational forms, i.e., single modal carriers

3

3

vie-3~vis a irangportation company, . his w.ll have an cffect on %
the profitability of the two forms as well as on the price paid 3
for transpurtation services Ly ugers. Tu the single modal g
pituation the trucler and the reilraad both nake dfudepondent g
aequlpment sllocatdion declslens,  The tructoer decides hes auch g
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trucking capacity to allocate cach origin Zar :ruc!;inf‘move-.l | » '
ments and Plin T piggyback movements. Similarly, the railroad
independently decides the amount of boxcar, rail owned truck

trailers, and flatcar capacity to allocate to each origin. The

i
.§

transportation company, on the other hand, makes capacity allocations

as a single "profit center" which may result in different capacity .§
allocations to the origins than those that the single modal carriers i
meke. This situaticn is displayed graphically in Figure 1. 3

Figure 1. Structure of Equipment Allocation Decisions

[ Truckers
b —
A — Rail
8 —
carrier's
shipper choice allocation
of service of equipment

Single Modal Case
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_The allnzation of equipment to specific origins by the

carriers detormines the amount of capacity available to shippers

" L N
b s tiariont et Mg o Aimning o b M oigenill:

' -at each origin. In other words, the solutlon of the above problem

places the capacity constraints, Yijk' FT and FR in the cost
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minimization linear program of the shippers. Operating within

the framework where shippers are trying to minimize their transpor-

®
K
-2
=
£

tation costs, the carriers wish te maximize their expected contri-

butions to fixed and/or counon costs and profit margin by the

determination of price and the allocation of equipment. :

Mathematically, the trucker wishes to maxiuize

[Z[(rljk - Cljk)Yljk + (!, =-Cl)Y, !
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wheru xljk’ Y2k rljk’ and Cljk are definzd above. The Plan I %
piggyback movenents are coordinated movcments which tecessitates é
the sharing or splitting of the contributions te cixed and/or é
common costs and profit margin between the two firms. This :
contribution woeuld have to be split between the firms on the 2
basis of the cost contribution made by cach firm, %
| '
; (rzjk CZJK)Yij represents the truckers share of the expected :
congribution.
Similarly, the railroad wishes to maximize
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resulting from Plan I piggyback movements. (rBjk - CSJk)YEjk
and (r“jk - CAJk)Yéjk are the rail expected contributions from
Plan 1I piggyback and boxcar movements.

Operating withir the framework of the second linear program,
the transportation company also wishes to naximize the contri-
bution to fixed end/or common costs and profit margin., Mathe-
matically, the transportation ccmpany wishes to maximize
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To accomplish these objectives the carriers must deternine
where to allocate their equipment. The carriers are constraired
by the total amount of equipment (capacity) they own and by the
logistics comstrainta of the shippers. Concommitant with their

resource allocation decisions the carriers must also determine

what rate they should charge shippers to use their services.

The oarricers' Pricing Dilemma 3

This secticn will outline the nature of the carrier pricing j
dilemma and indicate wnat leeway carriers have in pricing their
services, 3

In general, because the two modes have different cost charac- %
terigtics, 1i.e., before differing anounts of fixed and variable costs, *he
out-of-pocket costs nnd fully distributed costs for the mddes

will differ for a given origin and destination pai:.7 Because g

‘A full cxplanntien of the diffcrences ir the cost character-
{etics of the truck and rail meodes w3l Lo prescanad dn Chaptor
I (Lefre, o, 63 ). The discnssien inziules a description of
the parancters which affoct the cost ol o wateat,
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the costs of the modes will, in general, be different for the
movement of the average product between two points, one needs a
pricing or rate making scheme to determine the price of transpor-
tation services between vario' s points., To be consistent with
current transportation policy hn this matter,s the following
price getting mechanism will be utilized.

When the out-of-pocket costs of the high cost carrier are
less than the full costs of the low cost carrier, the full costs
of the low cost carrier will be the allowable floor for the rate.
This statement is illustrated in Figure 2(a). In other words,
the high cost carricr may, if he wishes, price his service at
the full costs of the low cost carrier but =0 lower,

The higl cost carrier may also price his services dt hic
full costs, It may appear that there is no choice for the high
cost carrier but to price his services at the level of the full
costs of the low cost carrier. This is not the case however,
Between any two giyen pointg the high cost carrier may have soid
his services to some shippers on the basic of lower total
logistics costs for the shippers even though their transportation
costs may be higher than need be the case, in other words,
transportatfon costs ave but one of the costs {nvolved in
acconplishing the logistics function. Some shippers may clect
for instance to trade-off higher Lransportaticn costs for lower

fuventory costs, and so farth,  In the nedels develepued in thc
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previous section, these situations were incorporated in the
logistics constraints which force a certain amount of trafiic to

wove by some modes rcgardless of which is che low cost mode.

In light of this, the high cost carricer will price his
services at cither his full éosts or at the low cost carriers'
full costs depending upon which price cont:ibutes the most to
profit. If services arc priced at the same level the traffic
between those points will be arbitrarily split equally between
the modes. The high cost carrier will then examinz how nuch
traffic the logistics constraint requives be moved by his mode

and the amount he estimates he c¢nuld obtain by pricing at the

i ' low cost carrier's full costs. The high cost carrier will then
determine under which price his contribution to profit and fixed
costs will be largest and will accordingly price his services at
that rate,

When the out-of-pocket costs of the high cost carrier between
two points, is greater than the full costs of the low coct carrier,
as depicted in Figure 2(b) the full costs sof the respective modes
will serve as their rates between two points, this 1s so becausc
it has been assumed that the I.C.C., will allow a specific rate of

return on each movement between all points.g The L.C.C, would

9In practice, the 1.C.C. dues not attzmpt to control the rate
of return on cach coemwodity betwean every srizin and destlnation,
The 1.C.C, dees attempl Lo contiol the rate-ci-return Jor carriers
in the aggregite, cousidering all wovements of uil ceraolditices.
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Figure 2, Restrictions on Carrier Pri:ing Decisions

(a) Allowable Floor for Ratzs

full costs -+

+ +able floor for + = = = ~ ———— full co3ts
rates
out-of-pocket costs R
A out-of-pocket
costs

high cost low cost carrier
carrier

(b) Allowable Ceiling for Rites

= {ull cost including profic
allowance

4——————lout--of-pocket cost

full costs
including profit
allovance

~—| cut-of-pocket
costy

high cost

low cost carrier
carrier car

control the rate of return by spceifying o- controlling the averaje

operating raties of the mcdes.
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The Simulation Model

The economic evaluation of a transportation company versus
an independent trucker and railroad which will be undertaken in
this study is based upon the simﬁlation of the interactive
decision environment just described. 1In the preceding sections
of this chapter, all of the components needed to "construct"
the simulaticn model have been presented. This section will bring
the component parts of the simulator together and explain how
the simulaticr was undertaken,

The simulator c: the single modal carriers and the transpor-
tation company which was developed indicates how the firms should
price their secvice and how they snould allocate their equipmen:
based on the. criterion that each firw wishes to maximize 1its
contribution to fixed and/or common costs including a profit
margin., Solutions of the simulation medel were generated for
differing levels of the parameters which will be described in
Chapter III, The solutions to the simulator may be thought of
as a sensitivity analysis on the cost ¢oefiicients in the
objective functions of the carriers, the level of logistics
constraints, and on carrier capacity, More detail on thie type
of analysis that was performed is also presented in Chapter TII.

This approach requires that the carviers know the full costs
(rate) of the low cost mcde and their own respective costs. This
15 reasonuzble La that the rate of the low cosi carricr will be

published in cccordance with I,C.C, precedaras.  The zpproach
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also requires thzt each mode knciws hew much iraffic 1s committed

to each mode for movement due to shippers' logistics constraints
and alternatively how much traffic in each route segment 1s subject
to interncdal competition., This is nrot unreasonable providing

the carriers have alert marketing research departzents.

The same simulator can be utilized to determine the equip-
ment allocation and pricing decisions of both the single modal
carriers and the transportation company. The manner in which
the algorithm is applied varies slightly for the two organi-
zational approaches, however as will be explained. To determine
equipment allocation and pricing decisions of the single modal
carriers, the algorithm is first solved for a given set of
parameters for the rail mode then proceeds to the trucking mcde.

The gimulator will now be explained iu detail. The inde-
pendent railroad first determines the full costs of making rail
béxcar, Plan I, and Plan II piggyback movcnents for each route
gsegment in the transportation system. The rail carrier then
examines eact rou:ekse;mcut to deternine 12 one of the methods
of movement he controls (rail, Plan I or II) is the low cost
zethod on each segment, Tor those route segments where he does
not coatrol the low cost method, he determines if he can price
the services of cne of his metheds at the full cost of the

trucker,
Once the rellrcad duternines whers hae gan ecerpeote for uncon-

strafned or coupotitive traffis, hie estimates how much of that
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market he can expect to obtain. Using theue predictions, he
determines which methcd c¢f movement makes the greatest contri-
bution for each route segment, In other words, on the segments
where he has the low cost mode, say boxcar, he would compare the
estimated contribution of his other methods priced at the boxcar
rate and determine whicl, method made the greatest contribution.
Once the estimated contributions for cach route segment have

been completed, the railrcad ranks the expected contributions.
This ranking determines the most profi:able manner of pricing and
equipment allocation for the carrier. The carrier will illccate
his equipment beginning with the most profitable expected contri-
bution and proceed to allcocate his equiprent down the rank until
his capacity is exhausted, 1t should be remembered at this point
that 1t has been assumed that shipments subject to logictics
constraints will be satisfied first.

. Since the algorithm was accomplished for the :rail carrier
first, the routine will now be run for the trucker, for a corpatible
set of parameters. Before the :fucking routine is accomplished,
however, the amount of flatcar capacity the railroad will offer to
the trucker sust be determined. 1If the rail carrier has used all
its flatcar capacity, the trucker will be pre-empted from particl-
pating in Plen I wmoves, If the rail carrier has some flatcar
capacity left, this zmount will te wade available for the trucker
in case he should find it desjveble to use Plan I pigpyback meve-

ments. The ejmulatiocn of the truckers decisions are analcgous

to these of the railrnad zn! thercforz necd not Le repeated,
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The algcrithm for the transportation company differs slightly
from the one presented for the single modal carriers. First,
the transportation company would not have to estimate how much of
the competitive market it could cbtain for each method of movement.
The company vould only have to estimate thz total size of the
market, as do the siﬁgle modal carriers, but would then determin-
how to most "profitably" move that traffic since it controls all
mefhods of movement. Also the additional bookkeeping of determining
how much flatcar capacity is available for Plan I piggyback moves
is eliminated.

This section docs not complete the discussion on the simulation
model., In fact this scction has prasented just the skeletal
framework cf the simulator upon vhich the following two chapte:s
will expand. Chapter III presents a detailed discussion which
focuses on thte test factors which will be analyzed and describes
how the cost data was generated., Chapter IV describes the per-
éormance neasures used to evaluate the output of the simulatic
and discusses the naturc f the experimental design utilized in
the study. It is only after these chapters have been read that

the reader w.1ll have a full understanding of the nature of the

simulator urilized in this project.
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CHAPTER 111

SPECIFICATION OF THE MODEL

The preceding chapterlprescnted and described the nature of
the simulatiorn model which will be utilized to determine the effects
selected test factors have on the economic performance of a transpor-
tation company in contrast with that of two single wmodal carriers.
The description of the simulation model was very general in nature,
however. The parameters which the model manipulates to arrive at a
solution were identified but only in an overview fashion.

The purpuse of this chapter is fourfold. First, the chapter
will forus atteation upon the specification of the test factors
sel :tud tor an2lysis and will explain how those factors effect the
paramei..c vaiues in the simulator. The discussion of this pertion
of the chapter will include the reasoning behind the selection of the
test faccors as well as the identification of the specific values of
the factors, The second objective of this chapter is to identifiy the
othar epecifics of the model. In this section of the charter the
random components of the model will be specified and the values of
these randon variables will be fdentified, This section will also
describe the shippers' medal selection policy that will be used by
the shippers Sn the model, Thirdly, the manner in which the costing
data will be generatced for use in the sinmulation model will be identifies.
The test factors which alfect the cost of movenontijll ilso e

identificd, and the “atuce of the {unctional relaticnshis between

—
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cost of movement and test factor values will be explained. Finally,

the trausport..tion system which was modeled will be presented.

Clagsification of the Test Factows

The parameters which affect a carrier's economic posture may
be classified as environmental, commodity, and route factors. There
are many environmental factors which could affect the economic well
being of a carrier. For the purpose of discussion, the environ-
mental factors may be divided into two groups--managerial and
geographical factors.

Managerial factors, such as the compet:nce of personnel, organi-
zational effectiveness, and managément-labor relations, are concerned
with the managerial effectiveness of a carrier. These environmental
factors will not be directly considered in the ~nalysis because the
trangportation company and the single modal carriers which will be
compared have been assumed to be able to achieve their objectives
of maximizing their respective contributions to fixed and/or common
costs including profit margin. Thus the coxpetence of personneil,
organizational effectiveness, and so forth o. both organizational
forms, i.e,, a transportation cowmpany vis-8-vis single modnl carriers,
have been implicitly assuzed to be of equal eficctiveness. ‘he
validity of this assumption will be dlscust:d at length in Chapter VI,

Geogragphical facters such as weather or climate conditions arnd
the geographisal terrain over which a carricr opcrates are concerncd,
as the panc fmplies, with the geegraphical envivonment of a carrier's

route structurwv., Since the railread aund trucking compiny and the

do
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transportation company vill operate over the same route system these
factore will 1ot be directly considered in the ccaparison between
these organfzatior:l alternatives. That 15; the operations of the
two single modal {irme will be compared with the operations of a
teansporeation company which has the same route structure and hence
wuld face the sane climatic and geographical conditions. These
efivironmental factors will be considered iniirectly, however, as such
factors would affect the cost of movement over the route systen of

the carriers,

Coxmodity factors ere characteristics of the goods, which cr-ate
differences in the custs of movement, For instance, one class
good:'=ay have loading characteristics which would require special
handling  .iniques which would roquire additional labor or capital

outlaye by the carrier thus affecting the cost of movement, As mentioned

in Chapter 11, commodity factors will not be addressed in the study,

This 18 because the rail and truck modes have literally thousands of

il e . e mgiseodame LMD B R At ol omcshonmnanit

cotwodities many which have characteristics which affect the cost
of movement, 1If one were to consider a number of commodities, the

number of decision variables developed In the previous chapter would

B b RN AL

have to be aultiplied by the number of commodities censidered. Thus

for the sake of simplicity the study will concentrate on the "average

. . N— :
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coumndity pubject to intermodal competition for movesent.” While

this sinplilizatic. aay cifect the generality of the results of

tho study to some extent, the object of the study s to obtain a broad
pleture of the cffects of the factors considerud rather than to con~

centrate on speciiic movenents of certain cotvditicn.
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Furthermore this simplification pmay not be as serious as it first
appear . For instance it is not likely tha: the commodity charac-
teristics of a shipment of canned corn differs substantially froo a
shikment of canne& motor oil, Nor is 1£ likely that the characteristics
of stoves differ substantially from those ol washing wachines, In
other words, there are classes of goods for which the commodity
characteristics are substantially the same, In fact, the classi-
fication of goods into a relatively small number of groups is the
starting point for the carriers rate determination process.

That is, each of the hundreds of thousands of

shippable commodities, ranging from aardvarks

to zymometers, is placed (classed or classified)

in some one of a relatively sxall number of '"classes'.

Then instcad of shipping a commodity, in effect 1
one ships a certain quantity of a certain "class"

This fact would cnable the solution of the model for "the average
commodity subject to intermodal competition" to remain valid for

a number of commodities., A solution for each specific class of goods
could be obtained by using the average costs applicable to that class.
While this endeavor should be of interest t> the firms which may be
intetested in forming a transportation company, this is not necessary
to obtain a broad picture of the effects specific factors have on

the operating characteristics of a transportation company, which is
the object of this dissertation,

Route factors may bc convenlently classified into two groups

for purposes of discussion, Internal route factors are those factors

A ———— ettt $5 it o 0 4 T

1Sampson and Farris, op.cit., p. 162.

B AU T S AR, WS o}

WL TR T TR RO

A8 . it A TGO S ik 00

4
j



i&i . -52-

al

which the carriers can contol ' to some 'extenz. Examples of internal

route factors are carrier operating ratios, load factors, and carrier

capacity, External route factors are those factors over which the

carriers can cxc-t little or no influence. One external route factor

,
G il A i it B .
5

would be the level of shippers' logistics constraints, Thus,

examination of the route factors lies at the heart of the purpose

bt

of this project. That is the effect each of these factors has on

:J - the operations of a transportation company compared with the operations

of the single modal carriers should indicat: whether it is possible

for a transportation company to achieve economies from the reallocation

g of traffic from high to low cost modes. These route factors are

4 i the test factors which will be znalyzed in the study to determine

the effect they have on the economic perforsance of the transportation

?} company and the single modal carriers,

Internal Route Factors

QT S

The interual route factors which will be studied in this thesis

are: (1) the operating ratios of the composite single modal companies;

(2) alterrate levels of load factors of these companies; (3j the

capacity of the carriers; and (4) the size of shipments,

The levels of the factors may be considered to be an upper

sl o+ die

bound and a lower bound of the factors. It other words, the value

of a particular factor for most companies should lie between

these bounds. Thus the evaluaticn of the changes in the level of

these factors should provide fusights as to how these {actors would
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affect the economic consequences of a transportation company formed

by carriers +vith factors which lie between these bounds.

Carrier Operating Ratios

As stated in Chapter 1, one of the potential sources of

economies resulting from the formation of a transportation company

is the possible reallocation of traffic from the high cost mode to

the low cost mode on a particular route segment, Examination of
carrier operating ratioc, both truck and rail, should give insights

a8 to whether or not this is possible. The operating .atic is the
ratio of operating expenses t> operating rvevenues. Thus the operating
ratio of a carrier directly affects the contribution to fixed and/or

common costs including profit margin which may influence the manner

bk e i 1, o oA N bl o i RS s

in which the carriers make equipment allocation decisions. One would

‘be interested in determining if a change in the level of the rail

and truck operating ratios causes the equipment allocations of the

transportation company to be significantly different ° om the manner
in which the single modal carriers allocate their eq: pment. Another
question of interest is whether a change ia the operating ratios

causes the contribution of the organizational alternatives to be

significantly different. As will be expluained in the next clepter,

variour per{ rmancs peasures will be calcu’ated from the simul ‘tion

e

Bl

runs which will be helplul! 4n answering thase questions,

o Carb iy

The specific operating ratios widch will be considered are 997

. and 917% for the trucrlng fira representing a below average or Iuef- %

, flcient carricer and a well managed carrier, respectively, The operating
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ratios for the rail mode will be 857 and 637 representing an inef-
ficiently anu an efficiently wanaged carrier. Within these spectrums

one would find the average catriet.z

Carrier Load Factor

The load factor of a carrier shall be defined to be the average
payload transported over the carrier's route system. In other words,
the load factor is the average weight of shipments transported between
origins and destinations, The load factor of a carrier directly
affects the cost of movement, as will be explained In detail in a
later section of this chapter. Thus, this factor should have a direct
bearing on the manner in which carriers allocate thelr equipment and
on the profitability of the firm, Also of interest would be the
manner in which operating ratios and load factors interact to affect
carrier allocations and resulting profits and c&st to users.,

The specific load f;ctors which will be analyzed for the trucker are
100 Cwt. and 300 Cwt. representing a low load factor and a high load
factor, respectively. The load factors for the railroad will be 400 Cw:.

and 800 Cwt. representing a low load factor and a high load factor.3

5
“The average opurating ratio for Class I and Il motor carriers

was 96.27 in 1970, ("American Trucking irends 1970-71", op.cit., p. 19},

The approximate average cperating ratlo of Class I railroads was 797 ix

1969, ("Yeeobook of Railroad Facts', 197U Edition, Econcmics & Fipance

Departinnnt, Association of Amevicun Railvoads (Chicago, 1llinois: April

1970), p. 9.)

The averaye load factor {or Class I zotor carriers of peneral
freight vas 264 ot 4n 1909, (“American irucking irends 1970-71",
op.cit., p. 34.) ihe average weipht of a carioad of rail freiht
was opprogfoately 328 Cot. o ia 12409, (MvYeeriool of H:dllrcad Tasts",

op.cit., p. 50.)
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Size of Shipuents

The stuay will segregate movements into two categories truckload
(TL) /carload (CL) movements and less-than~-truckload (LTL) movemeats,
Thia distinc.ion is necessary because the cost characteristics in

the TL/CL movements are different from those of LTL movements, The

reasons for these differences as well as the nature of these differ-
ences will be explained in a later section of this chapier.

TL and CL quantities shall be defined to be shipments which are
capable of befug moved in either a truck trailer or a boxcar, In
other words, the TL/CL shipments reccived from the shippers are large
enough to be transported by a number of truck trailers or a (different)
number of boxcars. Thus, TL/CL shipments :an be moved by truck,
piggyback, or by rail, subject to shippers’ logistics constraints.

LTL shipiients are those which are not large enough to fill a
truck trailer. Since the railroads have phased cut there less~than-
carload (LCL) business, these types of shipments are subject to move-

ment by truck or piggyback only.

Capacity of the Curricrs
The capaclty of the carrlers should also affect the manner in

vhich the carriers make their capacity allocations and thus affect

pay for trausportation scrvices, lLike the other factors discussed, the
capaclity of the system will also aasume two levels., That is, the

system wide capacity of the carrders will be studicd for effccts at

the profitability of firas, This fuctor nay also affect the price user.
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two levels. The lower level of the system will be defined to be that
combination of carrier capacities which is capable of meeting all the
expected demand requirements for movement within the system. Whether
or not the carriers allocate their equipment in such a manner as to
meet that demand Is subject to analysis., The upper level of -vstem
capacity shall be defined to be that amcunt of capacity owned by each
mode such that no one would add additional capacity. In an operational
sense, the upper level of system capacity will be that amount of
capacity such that each carrier 1s capable of meeting at least all

the expected demand requirements within the system,

The capacities of the carrilers have been segregated into two
groups--a certain amount of capacity has been reserved for TL/CL
movements and a certain amount has been reserved for LTL movements,
In the real world it is very unlikely that a carrier would segregate
its equipment into such groups, This artificiality was introduced

80 that the two classes of movements=--TL/CL versus LTL--could be

studied separately to derermine 1if the different organizational apprcactes

(transportation company versus single modal carriers) have significantiy
different economic consequences in so far as the two market segments

are concerned. AlthOugh the simulation could have dealt with the

total market segment by using average costs of movement including

both CL/TL and LTL in the sau2 cost figure, this would have leost the

infornation as to lLiow the orgunizational forms perform under the size

of shipment paramcter.
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The amount of capacity set aside for each type of movement by

the modes 1s also somewhat arbitrary. For instance, the specific

percentage of capacity reserved for IL movements by the trucker may

be relatively large as compared to what one may find in the real

world., That is the trucking mode in the simulation has reserved an

amount of capacity equal to that which the railroad has reserved

for CL movements, This may indeed not be the usual case in the real

world, It must be stressed, however, that although this capacity

split is arbitrary, for comparison purposes it 1s consistent. The
performance of a transportation cospany will be compared with the

performance of single modal carriers operating with exactly the saze

set of parametric and random values. As will be discussed in great

detail in Chapter V, the analysis will focus attention on whether or

not there arc significant differences in the performance between the

two organizational apprecaches, llence 1t is of greater importance

in this study that the parametric and random components be internally

consistent between the approaches than is the absolute values of the

parameters. lore will be said about this matter of internal comsistency

in the next :hapter.

Beforé proceeding further, 1t should be pointed ocut that in practice
the rail mode would alsc not allocate a certain amount of capacity
for pigpyback LTL movenciits as this study has doae. Again this was

done to determine if the two trausportaticn approaches would result

in a different cquipment allocation peattern and censequently result in

significently different coonomic consequences,
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External Route Facters

The external route factor which will ve studied in this thesis
is the level of the shippers' logistics constraints. The size

of the shippers' logistics constraints will also assume two alternate

2
<
-2
3
2
<
‘
<4
s
E
3

levels.

Shippers' Logistics Constraints

o
=
5
i

Since shippers' logistics constraints directly affect the wanner

in which carriers allocate their equipment, this factor will definitely

affect the economic sitvation of carriers. It has been assumed that H

the logistics constraints of the shippers nust be sctisfied. This 1s

t

not an unreasonable assumption given that certain shippers' logistics

LI PG PRI

systems dictate the nmovement ci goods must be allocated to specific

modes. The carriers should also be cxpected to satisfy a guaranteed

]
3
£
s

market before they would enter the competitive traffic market,

As was nentioned earlier, the size of these lugzlstics constraints

determine the size of the market which is subject to movemont by more

e s . 0 e soe
.

than one mode. The second level corresponds to the situation where the

3 logistics systems of shippcrs deces not constrain the allocatisn of

i equipment by the carriers to a iarge extent. In other words, the
second level of this factor provides for most of the market being
subjec: to : .termodal competition, The first level of this factor
constrains the solution along medal lines to a much greater extent,

Examination of this factor should provide guidclines as to under

what competitive circumsiance, 1f any, a transportatica cempany

' would out perforn sinple nndal coupanies.
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Other Specifics of the Model

This section will identify the randoa components of the rodel
and vill present the shipper's modal sclection policy., There are
two random variables incorporated into the simulation model. These
are: (1) The forecast of the market share of competitive inter-
modal traffic the carriers predict they can obtain; and (2) The

demand for transportation services between specific points.

Carrier Market Share Predictions

The market share of the treffic subject to intermodal competition,
each carrier predicts he can obtain, will be treated as a randea
variable in the study, This is in keeping with the difficult real
world problen of forecasting market shares. The market share a firm
obtains is deter&ined by a number of factors and complex interactions,
For example, the market share a transportation firm obtains is dependent
upon, among other things, the general economic conditions, the service
reputation of the firm, the effectiveness of the firm's advertising/
sales prograﬁ, and the logistics systems of shippers. Thus the czarket
share a fim predicts it can obtain is likely not to be 1007 accurate.
The firn may over estimate its market share or under estimate its
warket share as well as possibly having an accurate predictica. It
is because . the large number of intcractions and uncertainties
involved in the cstizstion of market shares that the predicticn of

market shares a carrier will obtain will be treated 2s a randez

variable.
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The values the variable may assume fo: the trucker and iailroad
will be 40%, 50%, and 60% of the market subject to intermodal conpe~
tition. In other words, when these carrievs can compete for traific,
they will estimate they can obtain eithef 40%, 50%4, or 60% of that
market for a particular route segment. The particular estimate for
each route segment will be determined by a table of random numbers.
Wien a8 carrier cannot compete on a given segment, the other carrier
will attempt to esticate the size of this market and if profitable
allocate cquipment to it. The values in this case will be 807, 90%,
100%, 110%, 120% of the market. Thus for any given route segzent,
the carriers may over estimate the market which would result in
excess capacity at some nodes or they may under estimate the market
resulting in unsacisfied demand betweun some pointé or they méy
exactiy estirate the market which would satisfy all demand and leave
a miniuum of excess capacity.

The transportation company, likewise, is confronted with the
same market prediction problém. The values of the estimated market
share the transportation company expects to obtain will be 80%, 907%,
100%, 110%, and 1207 of the market subject Lo intermodal competition.
The particuler estimate for each route segzent cn a particular run
will be dotermined by sumning the sirgle nodal carcier's estimates

in order to gpreserve internal consisteacy., In other wvords, if on a
particular run the trucker estizates he can obtain 607 of the inter-
modal competitive murket cn one scgment and the roflroad estimates it

can obtain 504, the transpsriation cempany would astinate the =ize of

izt vt il
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the market at 110% of its true size. In essence, this allows one

to make a cross comparison between the performance of the single
modal companies vis-d-vis the transportation company in which not
only are the parametric values the same but also in which the random

components are consistent across the organi-ations.

s SR 0 8L sl S e AR

The Demand for Transportation Services

Mt

The demand for transportation sarvices between any two points is

* AL i

determined to a large extent by the demand for shippers' products.

.

L,

If the product is manufactured at point A and there is demand for

QWO C L

the product at point B, the product must be transported between these
points. A more succincet way of stating :this propositien is that
_transportation provides time and place utility in wecode., Viewed

from the carriers perspective, the demané for transportation services

o o ol SNl 1 B a1

oy

can be thought of as a random variable. The variability of the size

ot ol

of the transport market is of course directly related to the problen

the carriers have in predicting their market share.

IMGAL AL | i s

The sizc of the transportation market subject to intermodal

competition will be allowed to assume three values, a high voluze of

i AEHEE 10D,

traffic, an average volume of traffic, and a low veclune of traific

for each size of shipucnt level. The specific level cf denand betwoen

specif’c poil ts will be dete..ined Ey‘a t:>le of random nuzbers.

N dabonit - LRI a0 8 B
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Shippers' adal Seleztinon Poliew

il

In the ceapetitive cinzle model eompany situation, the carricrs

e o e 2o

must determine it they can ceopete in a morket sezmont subjiea: to

:
;
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intermodal ccmpetition. 1f they can, they must allocate equipment
to that segment consistent with their forecast of the amount of
traffic they can obrain in that segment. If the carriers allocate
more equipmert to a segment than there is Jdemand and if this allocation
results in mere than one method of movement being offered to shippers,
the shippers must chose the manner in whicih to move their goods.
These methods have no service differences (or these differences are
unimportant s perceived by the shippers), or else the shippers specific
needs would rave been included in the logistics systemec constraint.

If the carriers have collectively undor estimated the amount of
traffic subject to intermodal competition, the shippers have no
choice but to accept what is offered, up to 100% of the demand beirg
met, If the carriers over estimate this market, the shippers wust
chocose what methods of movement they will use. Under these circum-
stances, the following shippers' modal selection policy will be adopted:
The shippers will allocate their traffic equally between the carriers.
This is in keeping with the assumption that when the service of
competing carriers is equal the shippers have no real preferences
between the todes.

In the case of the transpertation company, operating under the
assumption that it will face the same demand pattern as the single
modal conmpanies of which it is comprised, there may be no need for a

shippers' modal selection policy. This is so becausc the transpor-
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tation company would most probably allocatz only one method of

movement to cny competitive market segment,

Recapitulation of the Test Factotrs

Due to the length of the preceding discussien, a recapitulation

of the test factors, shippers' modal selection policy, and the randon

components of the model is in order. The test factors and their

appropriate ievels are outlined in Table 1, Table II displays the

random comporents of the model and describes the shippers' modal

selection policy.

Generation of the Data

As stated in Chapter I, the data which will be used in this study
will be hypothetical, This section will explain in detail how the
data will be generated for use in the simulation model. The discussion
will also focus on an explanaticn of which test factors affect the
cost of movenent and the manner in which they effcct these costs.

The costing figures used in this study will be on a per hundred

weight (Cwt.) basis. These costs will be ascertained by ailocating

the total costs between specific origins and destinations on the

basis of the amount of Cwt.'s transported between them. Once the

full costs of each :mode have been determiued, the pricing mechanism

explained in the last chapter will be utllized to determine the

appropriate rates between tvo points, A computer program has beun

developcd to calculate the full costs of the modes., The costs will

differ each time a paramcter 15 varied,

s a i e SRR et m A e .
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TABLE 11
OTHER MODEL SPECIFICS
RANDOM COMPONENTS: VALUES OF RANDOM VARIABLES S
A. Carrier Market Share F,
3 Estimates /
] 1. Truckaer 40%, S0%, 60
3 2. Railroad 40%, 507, 60% -
3 3. Transportation Company 80%, 90%, 100%, 110%, 120% 3
3 B. Tlemand for Traasportation
¥ Sarvices on Each Route 3
i -3 Segment g
' ' 1. CL, TU Shipments 30,000 Cvt; 60,000 Cut; ;
90.000 C~t, 3
2. LTL Snipments 15,000 Ovwt; 30,000 (wt;
45,000 Cwt,
i SHIPPERS' MODAL SELECTION POLICY: o
‘ %E If the carriers have collectively under estimated the amount cof o
; %! traffic subjezt to Intermodal cenpetition, the shippers have no E
a2 0 chofce bLut to accept what i effored, up to 1007 of the demand ;
a0 being mer, If the carriers coliectively over estimato thfy -
: : market, the shippera will allocate thetr traffic equaily betw:en 3
| the carricrs, 2
|
| 3
i

The Costing Categories ‘ :

There are many custing cateyoviae oo could wso for analystng

i

the cost of nuving gocds, The feiloving cuat edlugorivs 1avy beon ¢
ehoken bechuse they revoal fafopwstion ahoul o effects of
changing Pu!ln‘lu(u!'u itn tho s7atos haYu on custa,  As it fupred
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or over-the-road costs,.pick up and delivery or car spotting costs,

terminal costs, and billing costs.

Line-haul costs are definad as the movement over the
road [or road bed], either from one terminal to another
or, in ¢cme cases, from a shipper's location to destination,
Teruinal costs are defined as the handling and recworking of
fredght to match origins and destinations of outgoing and
incoming freight. Pickup and deliverv ccsts are defined
as the funccion of picking up end delivering freight within
a specified terminal area, Billinp ... costs are those
related to paper work costs for each shipment.

REC St i) bl

il

S,

Each of the out-of-pocket costing categories is measured
! in terns of its relevant scrvice unit, A service unit {s
1 the apprcpriate varjahle assigned to a specific costing
category, This concept 15 eractly the same as that used in
general accounting in cost allocation., The accountant also 3
must [ind somc method of allocating indirect coste such as 3
rcnto [ )

gl

an

The scrvice units for line<hau) costs are vehicle hours
and vehicle miles, becauze scte cousts {n the line-haul ,
category vary with tiuwe (e.g., drivers' wages) and others
vary with distance (c.g.. fuel),”

b

!

ity

Line-haul coets alko vary with thae anount >f product carried.
g Ths, an appropriate wmeasuve for Line-haul costs would be the
| spuin of tho total mileage costa (distancy) and total hourly coste
(wages) diviced by the total number of Cwt,sufles tvansported
by the carrice 1n & given period,

The gosts caloulated 30 Lhile wanaur topresent the rest of

wov b the avelapo pludugt vith the avelnge aynlen Taad faotar 3

aver ‘e ave g ilsngl\\ ol hwul, Te copre - U the Jinu -!:«;u’
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wéuldisimply nultiply the line-haul cost/Cut.-mile by the average

gl bl M

length of hail, For example, 1f the average line-haul cost/Cwt.-
mile was ,35 cents/Cwt, mile and the average length of haul was

300 miles; the average line~haul cost/Cwt. would be 105 cents. To

s

convert the average line-haul cost/Cwt. to specific line-haul costs
‘between two points with a specific load factor, one would multiply

the average figure by the ratio of the actual length of haul/system

st e M il

average length of haul and dividz by the ratio of the actual load
factor/average load factor. For instance, 1f the average line-
‘haul cost was 105 cents/Cvt, based on an average load factor of
300 Cwt, and average lengch of haul of 300 miles, the specific

Iine-haul cout for a movamaent of 150 Cwt, aver 900 miles would be:

I:Kiiggsl actual distance , actual 1sad factor

v g '
coat average distance - avergae ioad factor

D e A Wl g L L ek A
-

= actual lino-haul cost
( 105 = 900/300 ) 4« 150/300 )

» 630 centa/iwe,

£
E
2
]
=
3

T i RRa

As vith Mie-haul costs, pfebup and duliVery conLE g
have “ervice unfto anzociatod with tims (drivers! wa4za) 3
and dietonce (Fucd) e o viddng the total plokup and 2
delfvary custs by Lhe tolal oy, (handded fn the eysien) é
gives a cosl per Cwi, ! |
.g

Yovr the Fall modo unger copnidirating, these g0 on will be def e

% e, ey g

A car apotting coeta Incduding the tovesint ub the cer o dnd
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PUD cost/Cwt. for & movement with a specific load factor can be
obtained fron the system average figures by dividinz by the ratio
of the specific load factor/system average load factor,

Terminal costs will be measured in the same manner as Puﬁ
costs, i.e., on a per th. basis. The discussion in the previous
paragraph of how to convert to specific average costs/Cwt. for
given load factors are applicable to this category of costs also,

Billing costs are the expenﬁes associated with rthe paperwork
functions pecr movement, The average billing cost/Cwt. is obtained
by dividing this somewhat constant cost by the system average load
factor in Cwt. To convert this averagce cost to a cost/Cwt, for
particular movemente, one would divide by the ratic of the par-
tieular load factor/system average load factor,

The above out-of-pocket costing catepuries are derived frem
the recognized 1,C,C, standard accounting systen for wotor carviers,
Rail carricru have different coating catagorios such as switching
and yard expunses bat §n ordar to have a tasis for comparison the
ahove catugories will be used for both wodes,

Av alludud te abave, the Lline=hdul vutrof-puchet ecste for
the gaf) mode IV cunsiel of the e hat U Ltenepuriatioh, Leihtus
fimnce al wey and atractyica, and kalntoonnes of rquljrent u‘n@-«ﬁcug
asr beted Gl T sbaul coagcaente, FUD el Toreebaa b gl ot
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assoclated with yard operations such as car spotting, switching, ii
R ” =,

and classification of freight, Biiling costs are comparable as £

they stand.

Once the out-of-pocket costs have been calculated, one must
allocate a portion of the total systems fixed, and/or ccmmon costs 3

to & particular movement to determinc the fully distributed costs

i

for that movement, Fully distributed costs are found by adding

L

8 percentage of each out-of~pocket cost category to cover common

costs that do not vary with traffic., These would consist of

T DA L

officer's salaries, deprecfation, and the like. The Cost Finding
Section of the Burcau of Accounte of the Interstate Commerce

Coomimesfon have found coumen costs to be about 10¥ and 207 of

R o s

fully distributed costs for motor carrdcrs and railroads, respcctlvely.6 :

aiadic

Thus, to finu the fully distributaed cost for a mevement for the motor
corrier and raflrosd, one would take thu average vut~of-pochut costs
and divido them by 90% and B0 ruepactively,

The £ina) adjucttient fur coating Ju a profit allovance, In
thie study the prollt allowancu will ba uade through the oparating 1

tatdo. Frow etandard acceuntlng practice, the cperating ratlo

Jo dellnnd au the cpeinting eapensen divided by vpereting h‘»’u.nw.7
bew 1 tapallon ol Lo Leve by smnt

Btaterond or Lo gis b1 foadn
I TIPS IR L PR I

Pl fapadet (oare 32
coand bl e e, s g

e R TR TS Y I PN S I

, 4
"il'”:( I I R LR : H
] | B S X S R S T
1 .

L R A R I Y BEIRIP N Sl Z_
,"(.-!' \.»u!:-..!l,:‘ oot dun 2




Fiatopen -1 &}

-70-

Average Industry Cost Data

As mentioned in the introduction to this section, the research
will utilize approximate industry data in the various costing
categories sc that the study may deal with carriers which reflect
the differencgs in operating characteristi:s between modes. Table
I1I presents the average cost structures for the rail and :ruék
modes.8 The cost structure of the trucking mode is an averajge
which includes both TL and LTL movements. The cost structure of

the rall mode is based on CL movements,

TABLE III

PERCENTACE BREAKDCWN OF RAIL AND ‘TRUCK
COST STRUCIUREY

Truck Rai}

X variable $0% 807
Out-of-pocket costs

Iiue-haul costs : 64% 67

PUD (cur spotting) coaL 18, 107

Tervfual (switching & elasslification) cost 143 20%

Billlug cost hX 3

fememicseis 8 e mimeste o s s wmm
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The study will gegregate movements into two categories TL/CL

movevents and LTL movements, This distinc:ion is necessary because

the cost characteristics of the TL/CL movements are different from

LTL movements,

Truck Cost Data

For TL movements, the cost structure for truckers given in
the preceding table is not appropriate. This is due to the fact
that & substantia’ portion of trucking business is LTL and necessitates
larpger expenditures on PUD and terminal costs than do TL movements.
The average cost structure for truckload movements will be derived
in the following parigraphs,

The average revenue for truckers hauling gencral corodities

[

is approximatcly 7 cents/ton-mile; and the average length of haul

is about 300 mllcs.g Multiplying the revenue figure by the average

length haul yiclde the aversge revenue per ton of $21,00 or $1,05/
Cwt. Tha averegae load factor of the truchkor will be taken to

be 200 Cwe./velitcle moverunt,

Ay explatned abovu one of the parameters that will be varfed
{5 the eperating ratdo of the cuarrfors Lo dutermine what effoct

thie has on the profttabi) (ty of the transpottntdon company and on

the war af o nddnated Greanportatfon,  1hs anelyels wll] focun
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ratios will te 997 and 91% for the trucking mode representing ;
a below average or inefficient carrier and a well managed carrier,
respectively. Within this spectrum one would f£ind the average
i carrier.
% Multiplying the average revenue per Cst., just calculatec, :
g by the operating ratios and then utilizing the breakdown of the 'é
‘é average cost structurc of motor carriers in Table III ylelds the é
-E' sverage trucking costs per Cwt. displayed in Table 1V, 3
g TABLE 1V -
i TRUCKING AVERAGE COSTS PER Cwt.
% Load factor 200 Owt. 200 Cwt.,
Operating ratlo 91% 99%
Total revenuc 1,050 1.050
Profit rargin 0945 .0105
% Common costs .0955 +1040
% Tota) Oul~of-pockat coats ,8600 +9355
Line haul couts . 3504 5987
, PUD zost +1548 1684
Terminal cost 1204 «1310
BT Ing cost 0344 L0374

! Fae 10 UB b= el euld e oapprogttatoly el of the averagy

PUD cuele Lo miese o 21y Gt rlog taat be vade o Joad the teativg,
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when small shipments could be added to the IL at the terminal,

since the treiler could be moved direct frum the customer's door

to destinaticn. Billing costs should drop also, perhaps as much

as one-half, since there will usually be only one billing per

vehicle with TL moverents. Deleting these costs from out-of-

pocket costs and recomputing coumon cost and profit margin by

dividing the out-of-pocket costs by the % variable then dividing

this figure by the operating ratio yields the TL average costs per

Cwt. displayed in Table V,

TABLE V

TL AVERAGE COSTS PER Cwt.

Operating ratio

Load factor

Total revenue

Profit margin

Common coats

Tutal out-ol-pochet costs
Line-haul coal
PUD coast
Terpinal cost

W iling, :oat

Thusa the avetape 1 vonue fu)

the raady 1a 70 o/,
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200 Cwt.
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The percentage breakdown by :o0sting category for TL move-

gents 18 given in Table VI.

TABLE VI

PERCENTAGE BREARDOWN OF TL COSTS
% variable 10
Out-of-pocket costs -
Line-haul cost 867%
PUD cost 12%
Terminal cost --
Billing cost 2%

Using the overall average trucking costs per Cwt. and the
derived IL average costs per Cwt,., onc can deteraine the LTL
average coste per (wt, in each costing category. This is so because
the overall average trucking costs per Cwt, are a weighted average
of the LTL and the TL costs. Mathematically, wl(LTL Cost) +
wZ(TL Cost) = Average Cwt., vhere thé welghts, wl and wz are the
percentage of Cwt, which are LTL and TL, reepectively,

The percentage of LTL traffic carried by repgulated gencral

commodity carrfars §s approximately %OK30 a0 the percentage of Tl

1ol.nnl. yoar Class T eud 1) wotoy carviers of general freizpht
earrfad appresfvately 83,000 ) lion tons of BIL fretphit, The
1909 L1l o vt f e fihi carries \l‘,’ fyans boand T ot
catvylern o peroral grodphr waa 120D wl e Gons, o D ddag the
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traffic is approximately 50%, Using these weights and the data in

the other twc tables the LTL cost data was calculated and is

presented in Table VII,

TABLE VII

LTL AVERAGE COSTS PFR Cwt.

Load factor 200 Cwt. 200 Cwt.
Operating ratlo 91% 997%
Total Revenue 1.310 1.310
Profit margin 118 .013
Common costs 119 .130
Total out-of-pocket costs 1.073 1.167
Line~haul costs 551 599
PUD costs .232 .252
Terminal costs .240 . 262
Billing costs .050 ,054

Rail Cost Data

The averase revenue for raflroalds in 1969 was approximately

1,35 cents/ton-mile; and the average leugth of haul was about

600 m(lvs.ll The sverage reveruo fipure w!ill be adjeated uprvard

to b contn/torv=rdile bocaure the foriar figure fncludes a large

wouubepr of ol wovetaonts of Juw Iatiinsgte valao whitcls would not

be subfeet Lo conpetitien frea the trackgrn,  Hence, gonornl

i
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comzodities subject to competition for movements by rail and

truck would have higher costs of handling and demand greater rates.
Multiplying the ave.:+ce length of haul and the average revenue
figure yields the average rcvenue figure of 120 cents/Cwt. Using
an average lo:id factor of 600 Cwt. and the average cost structdre
of railroads presented above, the cost data in the following

table were calculated. The operating ratios for the rail mode
will be 85% and 65% representing an inefficiently and efficiently

managed carrier.

TABLE VIII
RAIL AVERAGE COSTS PER Cwt.

Load factor 600 Cwt. 600 Cwt.
Opetrating ratio 657 85%
Total reveaue 1.2
Profit margin .18
Common costs <204
Total out-of=-pocket costs .816

Linc~haul costs _ « 547

PUD cout« , 082

Terminal costs ' 163

B lling -outs 024
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Piggyback Cost data

{nce the average cost categories hav2 been developed for
the single modal carriers, these costs cun :2 used in computing
the cost of piggyback transportation., A piggyback movement e¢ntails
vsing a highway tractor and trailer for pi kup and delivery opexrations
and transferring the trailer to a railiroad flatcar for line-naul
transportation between two points, Hence, piggyback rcovements are
coocrdinated rail-truck operations and as such, the cost of these
movenents eobody selected cost charectevistics from each wode,

[A) ...simplification of the transportation process in
piggyback 1s the by-passing of railway yard classification
at the origin and destinarica., Piggyback operations need
as an initial classification yard no<thing more than a trailer
ranp site with a parking lot, Classification of cars by
destination usually can be ac-omplished in the process of
loading tle trailer oato flatcars at the origin. Alsu
classificaticn yards enroute can be bv-passed to a large
extent, Switching enroute uader nost circumstances might
be done by dicsel road-switcier locomotives simply dropping
cars at trcall~. ramps located outside major cities.

S e 0. s e 4 o s s 6 s+ s s ¢ s & & b s & B 6 s 2 e & 8 0

Like trucking costs, pigzgyback costs usefully are
divided into tcrminal and line-huul enpemses. Terminal
expens2s, In tumrm, can be scpardted into those con-
ventionally associated vwith truck transportaticn and the
peculiarly pigzy back c~sts of loading and unlcading the
highway tiadler onto and off the raflvay flatcar and the
cost of makiug up thae piggybach train,

, Piggybacl plciup and delivery cousts are essentially
the same an these,,.eoncernfng over~the-rond truck
oprrnth_-:'ns.u

More wpocifically, the Dhna=haul couty Cor plgeshneh move-

ments wil) be those of the rallroad adfustue for diffevenges In
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load factors. The piaayback PUD costs wil; be those associated
wi;h two high@ay trailers plus'a cost of S4_or $2 for moving
each flatcar into loaéina andsunloading positior and building and
breaking the train, for the railroads with operating ratios of b
85% and 65%, vespectively. The pigayback ter=inal costs will be
those of the highway mode plus a $37 or $5_chargc per trailer for
loading and unloading the trailers on and off a flatcar for ihe
{inefficient and efficient tailroad respec:ively.13 The piggyback
billing costs will be thé sum of the cosfs for two trailers and the !
sverage rail biiling cost,

The piggyback common costs will be obtained by dividing the
rai) and truczk cost contributions for tgis type of movenent by
the correspoading percent variable--£0% and 90%, respectively.
The piggyback profit contribution will bé de;erained by dividing
the full costs contributed by each mode by the appropriate operating
iatios. Tor lastance, if the out-of-pocket trucking costs were
$27 and the ont-of-pocket rail costs were $32, the out-of-pocket
plus common costs for thiz movement would be $27/.9 + §32/.8 =

830 4+ $40 = $70, The full cost of this cove would be

13 . - ,
MNr. G, W, Telfer, Manager of TOFC, purlington Northern
Railroad futlcated that the approzimaze cast of lsading and

[

unlozding trailers onto flatears wes $5.0)/trailer. Mr. leller

alco stated than the switohing costs for moving flatzars §nlo
loadlng and urleauing positiong was appris telv 345,00 e

and that a switchuer on thu averagze cculd aandle 2

Thus the suitching and joeadiny costn ured in the study are in the "
range that §s represeatnstive of the vval world,
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(30/.91 + 40/.65) = $33 + $61 = $94, for a trucker with an
operating ratio of 917 and a ratlroad with an operating ratio
of 65%.

The cost data which will be uged in this study sre average
costs, There are ceitain dangers involved when one uses average
Lo, Average costs arc dependent on the volume of 'production”,
1f one s dealing with a well-established cvn-going frim in which
the average "production” costs have remained relatively stable
over the past several years, then one can feel rclatively at ease

in utilizing past average cost data for determining future courses

of action, at least within scome range. For nost large transportation

firms, the average cost per Cwt, moved are relatively stable since
outputs are large and expected Incremcurs in output emall by

comparison,

The Transportation Svstaem

The previous scection hay fdentified the costing categories
and presented the average coats In cach category that will be
uscd as the foundation for analysias. The scction also indicated
hw the varfous parascters would impact on each of the costing
categorles, This scction will fdentify the transportation systen
Cthat will be lavestigated,

The transportation syaten vhich =111 be studled consists of

the five polnty deplcted bedov,  Eadh point 45 served by a raflroad
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and & wotor carrier and a transportation conpany cocposed of the
two carriers. Point B 14 located 75 miles from A, C 1s 150 miles
from B, D 1s 300 miles from C, and E is 600 miles from D.

The average costs presented in the provious section will
provide the basis for de.ermining what the average costs are between
each origin and destination above. In other words, one would multiply
the average line-haul costs by the ratio ol the actual distance/

system average length of haul for the rodes, then readjust common

haul cost was 105 cents/Cet. based on an average load factor of

|

|

|

‘ cocts and the profit allowance. For instance, 1f the average line-
300 Cwt. and average length of haul of 300 miles, the specific

line~haul cost for a movenment of 300 Cwt. for 900 miles would

be (105 x %%%) » 315 cenvs/Cwt., This line-haul cost would be added

to the other out~of-pocket conts, PUD, torminal, and billing,

The out-of-pocket costs would be divided by the % variable for the
| particulnar mode to obtain the common plus nut-of-pocket costs,
This figure would be divided by Lhe operatfng ratio of the mode

to determlne the full couts of Lhe movencui,

Considering movements both to and fron specific points in
the above transportaution system, theve are 20 different route
segments, These are tovesents, fron left Lo right, A to B
(dendgunated AB), AC, AD, AL, EC, BD, LL, ), €&, and DL, The

correspunding moves du the other direction are Eb, 1C, LB, EA,

DC, DR, bA, CBH, CA, and BA, Vovementa {n both dyoctions should

be comnladrred bovaune in enetal vonst tranaportouton syitons do

MEESS t emmii S 5 SR gy D T R T S T o i
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not have balanced traffic pattcras or cven the same geographical
conditions in both directions which cause the costs of movement to
differ vith the direction of movement. This thesis will, however,
limit the route segments considered to those unidirectional move-
ments from left to right.

This simplification described in the previous parﬁaraph will
reduce the computational requircments by core half and will not

affect the integrity of the results. The reason why attention

need bé focused only upon unidirectional movements in this thesis
is that cach factor which would make the dfrectional movements
have differing conts will be exanined for cffects at both levels
(in different runs) during the simulaticn, So in actuality, botlh
dircctfonal mermcnts are bedng considered in different runs, cven

though the lettering of the movements ie unidirectional.

PP [
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CHAPTER 1V

EXPERIMENTAL DESIGH

This chapter will focus attention on the naturc of the
experimencal desipn as well as the analytical and statistical
methodology used 4in the disscrtation, Your specific arcas of the
experimental desfgn aspects of the dissertation will be discusscd,
First the problem of realism in simulation will be addresscd.
Sccond, attention will focua on the nature of the output of the
gimulation. Next, the performance measuren used to describe the
output of the simulation will be prasented. Finally, the epaci{ic

experimental deaign which was utilized will be discusaocd.

The Problem of Raallsm in Sinulatio

= s w—m

One of thc wost {mportant probleus one faces when utflizing
gimulation to {investigate a new or proposed system {5 that of
insuring chat the model 18 an accurate represontation of the
systen being analyzod, Chervany hag succinetly summarized the
problems of using simulation todels tn analyze real world probleua

as follows:

In the development and analysia of simulation mndels,
the most perslatent peoblen concerias the reaifum of the
medel b ng manfpulated, A glanelation godel presenty a
perfect opportunity for "eontralled” expuriionty,  The
varfoun factory under analyals can be varfod one (or mere
than one) at A time while all other congtructs ave held
conglant,  Thilyg enalytical capab i lity, hovever, (8 ot
achfcevad froe o conty e price Lt oy padd e Lhe
persfatent problom of fnouring that the shnalat Ton nadd
belogs waed oo aocar - oo atign of that e of

realfty that fo Leley saadeeods Childe L g reldom o!
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realisn arfses in all model-buflding actenpts, it seems to
be even more troublesome than usual {n simulation studies.

AMthough this roaliwm problem amsumes many forms, it
seems that there are two basic hicrarchial levels that gencrally
sppear., lhe first level concerns the structural form--model
subsystems and subsyntem interrclationships-~of the model
being sinulated. The second level focumes upon the detarmi-
nation of the specific duta Inputs that are required to make
the model analytically opemtlonal.1

Structural Realfsn

The problem of structural realien focumeu on the
selection of clementa to be fncluded {n the nodel and the
manner in which they are connacted., The following quastions
are typical of those that must ba ansvercd at this level: Do
the varjables dncluded fu the mudel accurately refloce the
dmportant constructs found In veallty? Are the variables
omitted from the wodul aufficicently unirportant that faflure
to consfder them will not bins the conclusion <rawn from analysis
of the wodal?

L N N N e e N e I e e e N N D A e D e A D D D DR )

S4nca the firm (a) being modeled fn this project..,[are)
hypothetical, the ability to test the model for structural
realfem 9 somewhat limited, ...

veey Co Po Bonini has augpgoaled an spproach to validatfon
in sfmulatfon of hyporhetical organfzations, Concarning his
model of decision and Inf rmatfon systoms within a hypothetical
firm, he staton!

The firmt question to bo asked about our
mode) would properdy b, "Loca the wode) cox-
respond to the real werld?”  Tu other words,

"Do the inforuatfygn nne’ deoJulon ayntors reanonably
raprenent real-vordd shtaattonn?”

We would not expect, of cn,ine, the modal
to bu an exact repdloation of the real vorld--
all vodels are o fepidvhoat wnn to o deprer,
eee Yo do bedlvve, lvever, that the tede)

I8 0 vesgonsble representaidon of real-world
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behavior., We cannot, of course, completely
validate this belief, but what we can and will

do 15 to set forth the mujor ingredicnts of

our decision rules for scperate exanination,

We will attempt to justify these rules by

relating them to cxisting theory in the

scientifin litérature of econowics, accounting, or
the behavioral sciences, or to the litcrature

on buulness pracligc.z

The structural form of thiv model was develuped along the
lines suggested by Bonduf, It should be stresscd at this point,
however, that the model is & simplification of the real world. The
hypothotical firwe modeled in Chapter Il are asmumed to react {u all
sftuntions to maximize thedr profft contributfons. The modcl has
not considered any tgocial welfare rolc that many modern buciness
concerns have adopted, To the extent that tranzportatfon firnms do
not attempt to maxitize profir. whether due to the fact that they
are limited goal satfaflovcs or due to the fact that they have some
social welfare role to fulflll, the results of this project are
linfted to that degrue,

Furthermore, an moentivned {n the previous chapter, the mannge-
ment and cporations personncl as well as the organizational structure
of these firus ave consfderud tu be capable of reaching thelr goal
of profit muximization gubject to the uncertainties of predicting

the market shares obtalnable, The disaertatlon han aldo nol

addreoned the read problosa of how achedulfng operations st be

[y

bid., pp. Y64=a7, quoting [reo Charlen Py Bondnd, Sfraltation

of Tufor vl oad n 1 e Tenton it In e 1l Cibe Vorld Peanditien

Dovtoral Ltanostats o vty enpivaved Lo, Do Jerseyt Prentteoe

Wall, Inc., 1204), §u oes
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accomplished to have the equipment nceded at the right place at the
right time in order to maximize profits, !hile these are definite
limitations of tlic snalysis, all firms considered have thc benefit
of thesc simplifications. Thus the end result is that‘thcy will
hopefully cancel each otlier out in the study.

What happcns Qhen the results are atteapted to be applied in
the real world? To the cxtent that {mperfect scheduling cperations,
and difforent levels or quality of porsonnel are found in the real
world, the object of profit mazimization will suffer. The author
would ariue, however, that cven with these qualif{cations the results
ét the study should still be a valid Indicator of which combinations
of faclore or [{vme proceasing upacific lavals of factors should
lead to significant economicas as a result of foruing transpor-
tation compunfcs from two single modal carriors., At least the
factors vhich are found to be signfflcant In the analysis of the
recaults of thie simulation should provide a basis for predfcting
which combinations of factors atould lead to aignificant economics.

There is ona othar area {n which the model differs from the
real world, 7Tho modol wideh hay been devalopad considoers a
chnﬁportutlcﬁ gysten over which eperates on,y one raflrond corpany
and one trucking company and corpares the operating regults of
thin eystem with the operating reacdtn vhich arce obtafned vhen
a transportatlon company operated over Lthe dare aystem, T 45 unt
Hbely dn the real world that a troaneportatden nyvaten, or a gub-

stantla) portlen of A gpyatem, vould be earved ondy by one yaliroad

i
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and one trucking company. It {s far more likely that on a given
systex, or scgment of a system, that there will be more than one
firm in cach mode competing for thc available traffic. Thue the
element of intramodal competition has not been considered in the
;odel.
What effect will this simplification have on the interpretation
of the results of the analysis? In esscnce, this simplification
of the real world assuwacs that the dndividual railroad and trucking
company can maintain a relatively fixed portion of the transpor-
tation market, when confronted with competition from other rafl-
roads and trucking firma. This aspumption may be reasonable 1if
the two cémpunieg arc wall established flras, The efmplificaticn
also assumes, however, that the transportation company, formed
from these tvo firms, faces the same relative demand pattern as
the two firms when they were operating singly. This may be a
tenuous assusption, There im, howovar, no mesus of testing its
validity short of actually forming the transportation company in the
real world, The reader {5 left to his owﬁ concluaion on the validity
of this assunption. The cffect of the non-validity of this
acsumption would Le to fncrease (or decreaze) the evenonle frpact
tronaportation companicz would have depunding upon whether the
formatfon ol the company dncreascd (or decreased) the nurvet shares

of the comblning flrma,
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E Data Realism
2 ; o

ating input data are based upon the assumption that the

value; can be determincd from the analysis of rcal-world
data.

The specification of values for .he various parametric
2 characteristics, the second hierarchial level of realisn, is
F also a more difffcult problem in simulation of hypothetical
& companiers, ,..The currently suggested techniques for gener-

E As pointed out by Chervany, hovever, another criterion that should

ba uscd tor data generation is that the nuncrical values used be
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This has been the approach used ip thir study. Care was taken to

use approximate industry average data for the costing of movementiz, :

]

YT -

found in the real world,

The Output of e Sinulation

Ll

"

Ty

Ih1d., p. 149,

Fé fivia,, p. 150,

I interrally consistent., "This means that the absolute level of the

relationships aﬁong the components of thils numerical data cat".”
Thus care was taken in this study to use data vhich was internally
consistont, that 18 the relationships of rall operating ratios,

load factors, and so forth, to truck operating ratios, load factors,

The sfwulation model befng studied wan constructed to deteraine
the resultant cconomic fmpact a transportation company would havae
and 1f this .apact would be aubatancfally Jlfferent than the two

single modat corpantes of whileh T o cooprlved, Lach run of the

numerical data, while ifwportant, is not as importanr as the inter-
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2 simulation gencrates a number of statistiecs for each carrier-- i ;
the transportation coapany, the railroad, and the trucker--that ?

: are a fuucticn of how each carrier prices his services and allocates ﬁ

1 his equipment., Each run indicates, for instance, the rate at which )

{ :

’ each carrier decides to price his services consistent with the 5 k

: rate maki{ng scheme outlined in Chapter  for each route segment

? ay well as the specific capacity allocations ecach carrier makes

% on each route segment. Although such detalled information may be

f ,

i necessary to explain why a certain factor has a significant bearing

J on the results, it is much too detailed for any type of logical

presentation., A number of surmary statistics have therefore been
~developed to aid fn the presentation of tha results of the study,

The remainder of this section shall\present thegse summary statistics

or perfornance measures,

There are probably an {nfinite number of performance measures

one could devisa o measure such a nebulous a thing as the ecrr7 -2

fmprcet or ccenoric consequences of operating a transportatica - -0 =

under two different organizational approaches. There are tu- ra-

dimensiuns to the probles of measuring the economic {zgpact o wviriioir=

tation company or the slngle modal carricre create.  Ope si 14

altempt to 7iud measurce which indicate hew the eperativug of sull
vompattes offoct themsedves dnternally as weil s how thay «llect
their veers, With this v mfu! the following thiuw jricrmane:
measute: will Yo vtdTirea troa oy the reaulte of tae gameiltien

rutsy cxpested contrilbutien o the carvriern, ool - catriand

the ~arr’. re. cad the totao price pald for U tracportasdon oo L,
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The nature of the simulation provides a unique opportunity
to determine the effect the creation of a transportation cowmpany

would have on the manner in which movements would take place vis-

&-vis single modal carriers., Therefore three statistics have been

compiled to indicate whether o~ nct a transportation company would
make movements which were significantly different than the manner
in which single modal companies wede movezents in concert. These
three statistics are the number of Cwts. moved by truck, amount

0f Cwts, moved by pfgrviack, and the -sount of Cwts. moved by rail
voxecar, The.e perierst .mce w2astries will be kept for the transrc:-

tation compzuv, Lae railioad and rhe trucking compiny.

Expzcr 7 Contridbuti u

There i: an additional elerient of competition present when
0 singie modal companies attempt to obtain a portion of the com-
petitive traffic which a transportation company eliminates. The
single modal companies must not only cope with the problem of
estimating the size of the market subject to competition but must
also estimate what proportion of this market they can obtain,
Tar: - (stirates of the proporticen of the market they 2an obtain
for a carticular segrent is directly reclated to the amount of
c:paci v thev will allocate to that -egrer... This is so, because
¢ . soas will allocate their equipment to maximize thelir
expes: ted contribution to fixed and/or commnn costs and profit
wargins. Thus the single podal carricrs have an additicnal iement

o ur o coininty to eope with that a transpostation company doos net,
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A transportation company must only estimatc the size of the market,
then sttempre to allocate to that market tle most profitable metiiod
of movement, It therefore appears that the expected contribution
of the carriers should be examined for effects of the factors since
this has a direct tearing on the allocation of equipment and

correspondingly on the actual contribution of the carriers.

Actual Contribution

Actual contribution or total contribution of the carriers is
probably the most {mportant perfoirmance measure which reflects the
internal valu * the organizational form. This measure is of
extreme izpor ¢ 1f ocnc is trylng to examine the merit of
establishing transportation corpanies. Thus the effec:s the
factors have on actual contribution is at the heart of the study.
The actual contribution the singlc‘modal carriers enjoy 1s affected
not only by shippers' logistics conctraints, as is the transportation
company contribution, but in addition is affected by the shippers’
modal sclection policy., Since the competitive market could be
allocated equipment from both single modal coupanies, the shippers'
must choose the rodes to use which of courte affects carrier contri-

butions.

Price Paid for Tronsrortaticn Scrrices by Users
The price paid f{or transportation services by users should
indicate to suue cextent, the eccenzmic cost of the traaspertation

cempany vecsus wee nitiple nodll carrier organicational appreaches.
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This performance measure i{s probably the most important external
indicaror of tie economic value a transportation company would have
for its users, Thus the study hopes to indicate which combination
of factors, if any, would significantly affect the price paid for
transportation services under each of the organizational patterns.
The total price paid for transportation services is a {unction

of the demand for transportation services and the rate charged

- by carriers. DMore specifically, the total price paid for transpor-

- 7Ty .
tation by shippers = LIl 1jktijk’
1jk
where,
X

13k = the amount of Cwt. moved by mode i between j and k
rijk = the rate/Cvwt. for mode 1 betveen j and k.
It 18 important to stress the relationship of the price paid

to both the anmount of Cwt, moved and the rate/Cwt. In other words,

the total price paid may increase 1f one organizational form satisfies

more demand than the other, An increasc in total price paid could
also occur if the rate (price/unit) increases. Conversely, a
decrcase in total price paid by one organizational form, can

occur 1f less demand is satisfied or 1f the rate (price/unit)
decreases morc than the other organizational approach. 7Thus one
cannot tell by inspection whether an increase in price paid resulted
from an iIncrcase on the rate or becausec more doanand was satisfied
either by the transportatfon cempany or the single modal cenpanies,
The converse 2s truce for a decrenge iun total price paid. Lecaus-

of this relativuship speafal care will be taven fn the discussion
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of the results to indicate which of the two variables created

the increase’(decresse) in the price pafd performance measute.

Amount of Trucking Movements

One of the arguments put forth against foruing transportation
1 . 1 .

companies is that.a transportation company would be dominatéd by
the rail mode with a tendency therefore to drive independent
truckers out of business. This study offers the opportunity to
observe how a transportation company would allocate movements to
its composite modes, The eriterion for modal selection within
the company wheﬂ not constrained by shippers' logistics systems
is profit (contribution) maximization. It will, therefore, be
very interesting to deternine if a transportation company moves
a significantly different amount of goods by truck than the

single modal trucker,

Amount_of Piggvhack Movements
This statistic is being tested for significance for the
same reason ad the last measure. In particular, it is directed

at determining 1f the organizational approach has a significant

effect on the amount of goods moved by piggyback, It should also

be pointed out that this analysis carricd to its logical con-
clusion should provide the answers to what Js the optimal equip-

ment mix for a treuspe.tation company as vell as for single

modal carriers.
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Amount of Rail Boxcar Movements

The statistic is being tested for sigrificance for the same

reasons as the last two measures,

Analytical and Statistical Methodology

In the preceding sections of this chapter, the problems of
utilizing a simulation experiment were discussed and the performance
measures to be used were presented. Chaptcr II1 discussed the
test factors which are to be analyzed in the study. This section will

introduce the analytical procedure and the statistical tests which

will be employcd to ascertain the effecte the various test factors

have on the selected performance measures.

Hypotheses to be Evaluated

This section will prescnt the hypotheses that will be exazined
in this study, but before Jdoing so a racapitulation of the cxperi-

mental design developed thus far will be given. The economic

performance of cach single modal company =nd the transportation
company will be described by six statistica--expected contribution,

actual contribution, price paid by users, and the amount of Cwts.

moved by truck, pi-gyback, and by rail. The principle focus of

the rescarch will be placed on how the two organizatienal approaches

differ with respect to the performance measures, That is, the
analysis of the output of the simulation will be will be concerned

with the dfffcrence between the transportation company perforiance

measurcs and the sum of the perforuance reasures of the single
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modal carriers. For each simulation run wiich incerpo-

rates u diffrent combination of the interaal and external

route factors, these descriptive statistics will be calcu-

the
I

lated, The hypotheses which will be tested are concerncd

with: (1) the mean differences betwcen th: performance

gkl

measures of the transportation company and the single

g o, i

modal carriers, and (2) thc cffects the coabinations

of the test factors have on the economi¢ performance

s, Aotk

E of the carricrs.

The analysis of the test factors is concerned

e

with whether the test factors "cause' significant changes

in the values of the perforisance meeources from their

-
R

s b

averagce value, It is also of interest to Jetermine

if the mean differences between the organizational E

g

approaches are statistically significant. In other

o

words, one ip interested in determining 1f the per-

formance measures of the transportation gompany are

signifd antly different, on the average, from the sum

of the weasures of the single modal carriers. The null i
hypothcses are for each perlormsner measure tiat the

mean of the transportation compuny aund the mecan of the

sum of the single nodal carrder perfoniance maasurea

arc the same. The altemative hypothicses are thit the

means are different.  The nature of the output, being

g
=
A3




that the randea componenty and parametric alues were constant
across the o-ganizational alterﬁatives. iniicated that a t test
involving paired differences was cppropria:e.s

Since the analysis of the result is largely conierned with
the effects brought about by charzes 4in tha levels of the teut
factors, a much more detailed description of the statistical
procedure utilized for this purposc will be presented below,

The analyais will be mainly concerned with: (1) determining
if a change in the level of any single tes: factor has a signifi-
cant overall effect on the perforaance mcasurces over all combi-
nations of the other test factors; (2) determining 4f any combi-
nations of any two test factors has a significant effect on the
performance neasurcs.6 The {irat type of affect 1 called a main
effect, while the sccond 18 referrcd to as a first-order inter-
action effcct.7

They hiypotheser which will bYe tested are concerned with the

nature of all of the wain offects and first~order interaction

—-—

The nature of the t teat which was uzed I8 described in detail
in Appendix 1, For a diccussion on the appropriateness of this par-~
ticular test, the reader is referred to Guznther, op.cit., p. 24.

The word combinatlon as uscd above, refers to the uusber of cxperi-
mental conditions or poasit.c nuzher of arranrementy of the levele of
tha test factors that are possible dn the 2xperiuental scetting.

There are also second-order, third-order, fourth-order, and
fiftb-urder futeracticn ifeuts aunuckated with
which will uat Le amalveed o the prodect

the test factors

« ihe nature of ihe
specifle cqperfrmental Jonign utilised v tade ztudy dees not provide
for the anslysin of ticne effvetie e nature and reasasns for e
selectin ol the eceperinantal design und in this project will be
cxplained I the st segticn ! Uhis taptoer,
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effects ascociated with six of the seven test factors selected

for analysis, The test factor which will not be tested for affects
io the size of shipments factor. Inetead of testing this factor
for effccts, the entire expeviment will be repeated for this

factor at cach of 1t§ two levels. This {s because, as explained
earlier, the costs of moving CL/TL shipments diffar from those
involving LTL movements. Also the choice of how the movements

are to take place differ for the two sizes of shipments., 1In the
TL/CL shipuwents, movenents may take pl@ce by truckt_both of the
piggyback methods, or by rail, whereas LTL shipments may take place
only by truck or by both piggyback methods., In capsule form, the
test factors which will be analyzed at ecach level of the size of
shipments factor are (cee Table I, Chapter ITI):

1. High versus low truck opcrating ratios--An analysis of

the cffects of a 997% operating ratio vis-&-vis a 917%
operating ratio,

2, High versus low rail operating ratios--An analysis of

the effecte of an 85% operuting ratio vis-d~vio a (5%
operating ratio,

3. low versus high truck load factor--An analysis of the
effects of an average truck leoad factor of 100 Cwt.
vis-&-vis an average truck load fnctor‘of 300 Cwt,

be Low versus hizh rafl load factor--An analysis of the
effects of un averapge rail load factor of 400 Cwt,

vig=d~vis ma averaze ra!l Joad factor of ROO e,
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RN e e W e,

E? 5. MHigh versus low syston capacity--An analysis of the

effezts of excess systom capacity vis-é-vis adequate

T T

system capacity to meet system wide demand.

oA acennoaman. s ae dlidga

e

6. Migh versus low level of shipp ‘s' lozistics constraints--

[LTE TYTAINSY

An analyais of tho effects of a system conatrained to

8 large e:iient by shippers' logistics systens demands

Skl Vo Ll

vis-f~vis a system constrained very little by shippers'
logistics systems,
The null hypothcsece which will be tested are that none of the
! main effocts or interaction effecty diffor frow zero, That ia, the

null hypotheses state that nonc of the tect factors (o¢ combinations

of test factors being considercd) produce significant differences
between the paerformance measures of the trensportation company

and the single modal carriers, Rejection of any of these null

. ot ihan AMALY o s ik

hypothescs indicates that the wpecific test factor (or combination
of test factors) may have important causc¢ nnd effect relationships
which affect the cconowic performance of the transportation company

g 3 vis-8-vis the single modal carviers. Canveisely, nun-rejection of

REE LAy PRSNIN

any of the null hypotheses fmplics that the specific test factor

s e

e s

effcet relationships which affect the ccononie performance of the

transportaticn company as compared to the single wodal carrfers, :

In the preceding ststemeuts the word nay has Leen strensed,

. d.

{ This §8 because 1t wunt be emphaslzed that the resalis which are ;

obtafnced pertaln to the walyqais of the situlatlon wode) pev we.
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f That {s, the results are obtained from the manipulation of 8
mathematical model which was formulated to resemble the real world
phenomonon. Befors the results may be stated s truths research
and analysis in the real world 1is required. The resuits may stand,
however, as working hypothescs until verificd or disproven by reasl

vorld research,

Fractional Factorial Experincnen

In light of the proceding dic-uss{on, the experimontal demign
chosen for this project must allow for the analysis of the main

effects and firet-ordcr interaction effects., Factorial experi-
8

ments allov for such analysis, "A factorial experimznt 1is one

in which all levels of a given factor are cowbined with all levels
of every other factor in the cxpcrimcnc.“g
In thia project six tent factors (each with two levels) have
been selucted for analysis for cach level of the size of shipment
plramctcr.lo This may ba described 44 LWo 26 factorial experi-
ments, one for cach shiipment ufze, This means for onc com-

pletc replication of the experiuent there are 128 possible combi-

natlons of [actors four each of Lhu thrce carriers that mustl be

8. .
Fot an excellent discusulon un tha oivantages and ugefulnens
of the facto-fal dusipgn for winulatin ve riventy of the nature f

this profect, sce Chervany, opc by, ppe 200=259,
9Ch.'n‘luu R, Hieks, !".-_l_z:'(!..-\:.:.-n.'._a'l' Poneerva An the Decfon of
: ﬁ&ugr”mgxhﬁ (New Yorit Holt, ®Rtncoart, aas Ssduston, lve., Lyua),
p. 78,
)
f l(S('v Table I, ;i{!j\r';i.' choovter LD, p. .
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sisulated 1f this cotplete factorfal experiment was run. If
additfonal rcplications were added to inircase the reliability
of the results, the nunber of simulation runs required becomes
even larger,

In order to reduce the number of runs required and yet to
obtain as much {nformation as possible concerning the wain and
first~order interaction effccts, a one-half fract’snal factorial
dosign was utilized In this study, A fractio . . . sterial design
uses, as the name implies, a fract ¢« ' rup. caie ¢. & fectorial
experiment, Tho one-half fractional factorie) csigr thich was
used in this project {s {dentified 1n Table X,

In this pavtlcular desfpn the maln efiects and the {iret-
order interaction effects are coufoundod11 with tha higher osrédar
interaction effcctn, The Ligher order iInteraction cffects with
which the main and {irst-order interaction effacts are confounded
are teferred t. as the aliasos of the waln anl first-order interaction

effccts.lz Thus, 1n effect, 4f one of the null hypotheses is

lﬁffacls are confounded with one another when the same data
and estinator of thiv offaera ara used vo detarming Lho,c (bo h)
effectn, (Willian Meadenhall, The Desdn and
(Beluwont, Californias Wadsworth Pun]!ax.lu(c

1zln the desfgn uaed in this study cach main effeat and first-
order interasctios ctffect [s cenfounded wich one higher order futer-
action effcee,  The dofining contrazt, “h‘ Sodndlontes whifch offectn
are confeunded, Tor this deaiyn §n ALC00E, To detorudne the alfay
of an effct vne would sl e w [infng contraat by the offect
of fiterent, dropplap tiv o muarad tenr 0 Vo fustaaen e aliag of
the AB effccel Is the [AS(A \x).)) o ) LY effect,

PRPARLE-P5 AN, /LS. Ly

nyy, Ine., JUOQ); p. 3]2.
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TABLE les

ONE-HALF FRACTIONAL FACTORIAL DISIGN

(1) ab ac be
abed cd bd od
beef acef atef of
adef bdef cdef sbcdef
abce ce be ae
Ju,l sbde acde bcde
af bef cf abef
tedf acdf abdf df

rejected one would not know which of the e¢ffects (the alias ox

the effcct of intorest) cauned the rejection. 1In order to
circumvent this difficulty, the highor order effects will dbe

asrumed to be zero, If the reader has some doubt about the Validity
of this assumption, the results of this stuly will have (for him)

at least, narrowed the coausative factor to the proper aliaw group.

13'l'he appoarance of a emall letter in the table means a factor
is presenc at the sceoad (altornate) level,  The absence of a letter
means & factor s at the first (standavd) level, (1) siguiffes
all factors are at the first level,

b
For a vuch rore detaf]ed dincussion of the cuncepty dingugscd
in thin scetion, the reader §o referred to Chervaay, op.cit., pp. 248-

257,

{ mmm

léhd

. , o
e B it bk LS TR o st T, DAL e ek

st Wean AT NS AUt AN maMBhnr . et

M b AN LR et




=101~

. Statistical Analysis

The mathamaticyl model of the fractional fa torial design

used in this study is pre.ented below:”'

ey <+ A1 + B

* ¢4 gkimn

g S 4

Ai. 100y Fn

y 1oy Erm

1, Joky 1, m;

1 + Ck +D

g A P AL A4

51 + BEj‘ + B?jn + Cokl +

+ Dglm + m:1n + "m

1 * En +* Fn +

kn

s the obsevrvation of the perfortunce

measure for a Ziven rvun

4

il

ihoret

AtaaMn a7 b

tlie mcan observation of the performance

medsure from all runs

mein cffects of the factors
firat-order intevaction effects of
the test factors

= unexplained variation of the obser~

vation of a particular run (error

teru)
1 1£ the obzevvatfon vae generated

from a run fn wiich the test factor

ne stk e Gttt it ol A . s

i

was ot level 1 or 2 {{ the test factor

was at Jevel 2,

2210231,

wu e grreega Y

)H]cks, op.cil.y pp.
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The major £ocus of this research projuct will deal with the

scatistical tosts (and corresponding explanation) of the null

Ly
bttt R s

t
t
JONT

hypotheses prasented in a previous seciion of this chapter. The
tests will be conducted to determine i1f the difference between

the nerformance measures of the organiczational approaches are
significantly different from zero, The analysis of variance
(ANOVA) technique will be employed to dete'mine 1f the differences
in the measures are significant.

S8ince the test factors and their corresponding levels were
preselected by the author for analysis, the fixed-effeccts analysis
of variance model is the appropriate statistical techiaique which

L) will be uged to analyze the effects of 1n:urest.16 To utilize

this technique the f{ollowing assumptions are necessary:

R T o o U R R AP

1. Tic error terms, Eijklmn' are indcpendently normally
distributed with a mean of zero and a ronstant variance
0{17

2. The effects are additive.l8

S——
W
.

The aliases of the main and first-order interaction
19

i A e, , o, it S I A o Ll 0ot e oA WACIC R, o M D ittt LR

cffects are zero.

o g v

16Cucnthcr, op.cit., p. 37. There is another ANOVA model
which 1s appropriate wiien the factors are sclected at random. It
is referred to as the randon cifects model.

Y014, p. 36,

laChcrvnny, op.cit,, p. 260.

- 19
i This assunption wos dlscussed in the previcus section of
¢ this Chapter.
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What impact would the non-validity of these assumptions
have on the snalysis? If the “true" wmodel of the experiment is
not additive the size of the error variance will increase which

would lead to less significant results being reported than is

20
actually the case. The author has no reason to believe that

the "true' model would not be additive however.

The remaining discussion will focus on the assumptions con-

cerning the error terms.

...studies have indicated that inequality of variances dorsg
not seriously aflect the F-test [Lhe test statistic utilized
in the analysis of variance] ... if the sanmple sizes arc
equal {which is the case in this project].

A further assumption we made in discussing the analysis
of variance technigques was normality of the observations.
Although the test is derived under this assumption, investi-

gation has shown that failure to satisfy this condition has
little effect upon the F-test. ...

We should make every possible effort to obrain independent
random samples. Nonrandomness can very,ieriously affect the
conclusions we drav from an experiment.”

Thus the most critical assumption in the analysis of variance teck-

nique centers on the independence of the samples (runs).

Because the summary statistics used in the study are differences
between the crganizational forms, the same set random nutbers were

used to compare the transportation company with the single modal

compani~zs in ~ given run. This should act to sharpen the contrast

between the two appreaches. Yet, to insure the independence of

20
Chervany, op.cit., p. 263.

Guenther, uvp.cit,, p. 63,
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observations Setween runs, a different se2t of random numbers was

utilized for 2ach run to determine the random components of the

model ., %2

22 ,
For a more detafled discussien on the materfial presented

Jn thle ceetion, the reader js referred to Chervany, ep.cit., pp. 257~
206, '
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CHAPTER V

RESULTS OF THE SIMULATION ANALYSIS

The nature and intent of chis project has been described in
the previous four chapters. Chapter I presented the background

and described the nature of the research effort. The gimulation

model was presented in Chapter 1I. The test factors and costing

data were described in Chapter III. The last chapter outlined

the experimental design which was used to analy:se the results of

the simulaticn,

This chepter discusses the results of the simulation,
Attention wil! be focused on the effects upon the performance

measures produced by the various test factors. The analy:is will

be concerned with describing the nature of the effects and dis-

cussing the model operations which caused them, The implications

of the results for the real world will be reserved for the flnal

chapter,

Nature of the Analysis
As previously stated, the purpose of Lhis dissertation is
to determine the cffects the sclected test factors have on the
econontc con-aquences resulting {rom the .~rmation of transper-
tation eompanievs vis-i=vis single vtodal carricrs. Therefore, the

principal focuy of the results of the research will be placed on

how the two orpastzational approaches differ with respect to the
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. performance’ measures. Thaﬁ'is, the analysis of variance that is

. . 1
being used to statistically analyze the output of the simulation

will be concerned w;:th the difference between the transportation
company performaqce measures and the'éum of the performance
measures of the single modal carriers. ﬁore specificﬁlly, the
summary statistics which will be aﬁalyzed are the performance
meas;res of ' the transportation cozmpany minus the performance
measures of each single modal company. An example should help to
clariiy this measurcment appr;ach. Suppose that on a given simu~
lation run the actuél contribution of the transportation company
was $224,000,00 as compared to $163,000.00 for the railroad and
§52,000.00 fer the trucker. The statistic which would be entered
into analysis of variance calculations would be $224,000.00 -

. ($163,000,00 + $52,000.00) = $9,006.00.

T3 order to detcrmine 1f these differences‘are statistically
aignificant, a standard of comparison is required. The analysis of
variance tecknique, that {s being utilizcd to analyze the results,
measures the effects of the test factors in terms of deviations
from the mean of the performance neasure in guestion. In other
words, the sLan%ard of comparison vsed in this study is the
average of the differences of the performance measures between
the transportation company and the single modal carricrs. The

discussion of the results will desceribe the mechanisms which caused

the cffects.
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As mentioned in Chapter IV, 64 differcnt simulation runs were
required to ncasure the effects. The analysis concentrates upon
the differences, between the organfzational approaches, of the
six performance measures: (1) expected contribution, (2) actual
contribution, (3) price pald, (4) amount of truck movements, (5)
smount of piggyback movements; and (6) the amount of rail move-
ments., For each of the simulation runs thesc statistics were
gathered,

It was also mentioned in the last chapter that the mean
differcnce between the performance measures of the transportatijon
company and the single modal carriers would be tested for signi-
ficance. In other words, the results of this type of a test
would indicate if there is an appreciable difference between
the performance measures "on the average'. In order to obtain
the average difference in performance measures between the organi-
zational alternatives the above six measures were averaged over
the gimulation runs., The average differences for each level of

the slze of shipment paramecter are presented in Table Xa.

Explanation of the Averase Performance Measures

Some explanation of how to interpret the average performance
measures 3s . 2cessary, but before beglnning, this discussion the
relationships between the perforsance rmeasures will be recapitu~

lated, The expected contribution of the ecarriers is a projection

nade by the carricers based upon thedr forecast of the total
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market for transportation for each route scgment and their fore-
cast of their market share. The actual contribution of the
carriers is btased upon how they allocate equipment to the various
segments, the accuraéy of their forecasts, the shippers' modal
selection policy as well as carrier pricing decisions. The price
paid by shippers for transportation services is a function of the
shippers’ modal selection policy, the demand for transportationm,
the carriers pricing and equipment allocation decisions. The
amoﬁnt of truck, piggyback, and rail movements are dependent upon
the pricing and equipument allocation decisions of the carriers
88 well as the shippers' modal selection policy and market demand,
The first threc performance measures--cxpected contribution,
actual contribution, and price paid--are directly concerned with
the economic impact the two organizational alternatives have on
the carriers and users of transportation. The latter three
measures--amount of Cwt, moved by truck, piggyback, and rail--are
determinants of the first three measures, In other words, the
expected and actual amount of Cwte, moved by each nethod of move-
ment deternines the expected and actual contribution of the
carriers and the price pajd for transportation by users. For
instance, tire actual contribution obtained by the carriers is
d ,.adert ypon the amount of piggybach, truck, and/or . i1 movements
tha; take place. These interdependencles between the performance
wmeasures vill aid in the cxpranation of the cause and effect relation-

ships betwern test factors and significant porformance weasures,
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As indicated in the last chapter a t test was utilized to
determine if the mean differences in the parformance measures
between the organizational approaches were statistically signifi~
cmt.1 The results of the test are indicated by the use of
asterisks in Table Xa., One asterisk (*) indicates the hypothesis
is significant at the 10% level., That is, onc asterisk means the
null hypothesis is not accepted (rejected) with the probability of
10% that the null hypothesis is in fact true (Type I statistical
error). Two asterisks (**) indicate sfgnificance at the 5% level.
Three asterisks (*%*%) indicate the results are significant at
the 1% level.2

As can be scen in Table X, the differenacs between the reans

o s o

ig: of the transportation company's perforcance measures and thosce

of the combircd =ingle modal carriers are in most cases gignifi-

cant, Table Xb presents the reclative differences inperformance

i, o At e o R AR T b

measures betwecen the transportation company and the single modal
carriers, For instance In the TL/CL market, the iransportation

company made 447 fewer piggyback movemente than did the single

modal carriers,

lSugraL chapter dv, p. 98,

These significance levels are appropriste for a single
test, when one conductls mulilypic tests the prebability of
faiccly rcojenting at least one true null hypothesis 1s [1 - p
(not rejecting en all the tests) ). See, for exumple,
Mendenhall, cp,eft., p. 175,
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TABLE X

AVERAGE DIFFERENCES OF THE PERFORMANCE
MEASURES BETWELN THE TRANSPORTATION COMPANY
AND THE SINGLE MODAL CARRIERS

Expected Contribution  $24,221.53 " ¢ 18,158.30"
Actual Contribution §23,143.72"™"  §17,513.62"
Price Paid 7,662.38 - 92,475.94"**
Truck Movements - 7,481 Cwt. -101,650 cwe. "

Piggyback Movements

Rail Movements

*
Significant at the

TL/CL Movements

49,331 owe, ™"

ek
70,388 Cwt.

107 level

ke
Significant at the 5% level

*hh

sienificant at the 1% level

LTL Movements

kkk
91,306 Cwt.

o
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. TABLE X

b: THE AVERAGE DIFFERENCES AS A PERCELTACE
INCREASE (+) OR DECREASE (-) OF THE COMBINED
SINGLE MODAL PERFORMANCE MEASURES

" rwmmmmmmmmmmmmmm.m@hm;wmm

TL/CL Moverents LTL Movements
; Expected Contribution +11%° +17%
| Actual Contribution +11% +16% :
: | Price Paid + 1% =127 }
? Truck Movements - &% ~35% :
Piggyback Movements =447 ——— ?
Rail Movements +247% ————

As indicated in Table X, one may conclude the expeeted contri-
bution and the actual contribution of the transportation company

is larger thsn the single medal carriers, although at different

levels of sipgnificance. The price paid by shippers is significantly

less for LTL movements when transported by the transportation company,

The price paid for services was not significuntly different between

. . the two approaches for TL/CL movencnts., Ia the LTL category, the

transportation company noved less goods by truck and more by piggyback,

which contributed both to the higher contributlon and reduction in

‘ 3'i"hc fipures In this table represent the ratfo of the average
differrnces o performance nmeasurcs {lable Xa) to the average

26,221.5)
combined single modal performance weasures, e, 7 :

et ]

02,218.63

SThere vere no slngle modal pigeyback riovemants in LTL
freight,

The lucredse in Cut, noved by plgpgyback in the transpor-
tatlon ceompany sctting was 91,306 Got.

4
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price paid by shippers. In the TL/CL category of movement,

the transporiation company made more movem:nts by rafl and fewer

by piggyback than did the single modal carriers, In gencral,

LY

this occurred because the single modal trucker participated

in Plan I moves when he was not the low cost carrier., In a

QY1 LT P

large nusber of cases when this occurred, the rail mode was low

cost but Plan I was competitive, Hence the transportation company

shifted Plan -l moves to rall in these cases, which of course, %
effected contribution and price., Other factors played an important
role on the performance measurcs which will be cxplaired in great

detail in the next section of this chapter.

To reiterate, the figures in Table Xu represent the averagc

POBG iy Ll bt

differcnces between the transportation company performance measures

and thosc of the ratlroad and trucker. For instauce, in the TL/CL

category of movements, the transportation company had generated

i et tasth ¥

§23,143,72 on the average more contributien than the railroad and
trucking companies, In the same wanner, in the LTL category of
movements, Lhe transportation company moved 101,650 Cwt. of

product less by truck than did the single modal carriers (the trucker),

SRR b 4

It should also be poduted out that the differences between

nad QB A0,

the amount of truck movements, In the LTL category, is not cou-

pletedy made up by piggvback movuinents,  In other words, the

M

transportation company moven 101,650 Cvt. lang by truck than the

i bt

single nodal carrders, bur shifts only 91,300 Cwt, to plggyback

movesents,  Cn the other btinnd. 2n 7~ TLICL catepory, the fower

Nl

<
k-]
3
H
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truck load and piggyback movements are mors than compensated for
by rail movencnts,

Why 1s this so? 1In the TL/CL situatios mary factors may
contribute to this effect. For instance, there were situations
on some routc megments whore the trucker was not the low cost
carrier but could compete for traffic, I{ the trucker exhausted
his equipuent capacity bn other route segments, in the single mudal
sotting, écmnnd for scrvice wag unmet on some route scghents,

The transportation company, on the other hand, 4if it had rail
capacity could substitute this scrvice 1f not constrainted., Thus,
the differences in the amount of movcuent by each mede need not
sun to zero., Similar conciderationy come intc play in the LIL
category of novement,

The LTL catcgory of movement, however, docs have a unique
situation whnich must be discussed. In the model, the single modal
trucker really has no competition for LTL movements. This d¢ the
same¢ as saying the model 18 considering only that LTL portion of
the market which moves by common carrier truck, At any rate, the
trucker and the railroad do not have to participate in Plan 1
piggyback nmovements, If they do particlpate, they will split the
profit contribution on the basis of cost contributiens au
explained In Chapter 117, Since the trucker has no real compe-
titfon for L7L traffic, he will set his LIL rate at his full costu,
consistent witﬁ the priclng policy established fn Chapter 17,

/

Thun, fn LTL movenoats e shugle medal truciar Js not Miely o

participaie sa Plan 1 revonints,

~
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In the case of TL/CL movements, the full cost of ths lcw cost
mode will govern the action of the nlnglé aodal trucker. If Plan
11 piggyback or the rail mode is low cost, the trucker may wish to
participate in Plan I movements to obtain some share of the
competitive narket,

Regardless, the transportation coppany will cstablish the rate
at the full cost of the low cost mode. In the case of LTL move-
ments either at the trucking full costs or the piggyback full costs
whichever 18 lowast for o givén route scgment. Thus in the single
podal LTL mavket seyment, the product will be moved at the full costs
of the trucker, while the transportatior, company will price its
services at the full cost of the low cost mc.hod.s In a large
nuaber of cascs, the full cost of piggyback movements were lower
than the full costs of ﬁruck povencnts, This is what creates the
largé difference in price paid for trunsportation Ecrviccs in the
LTL category bctween the transportation company and the single
modal carriers, as shown in Table X. Furthérmote, the rail
flatcar capacity was the limiting resource of the transportation
company, Because the transportation company was pricing sorvices

at the full cost of the low cost mode, sowe trucking movements

in pra:tice 1t may be mwore likely that the transportation

company would price its sorvices In the LIL narkes at the trucker's
full costs, ibe priciag pelicy wou'd depend upen hew the 1,C.C.
would react lo the trausportatiea couwpany pricing its services in
the LTL marketo at fts full cests, 1L the transportatjon conpary
did price at the tvucker's full coste, the differonce betwoen the
erpected and dctual contvibutivns of the croaniaatfanal Lermm
would bocome evee larger than that in iable X,

bt BN, oo et a6

I

e nsinouna el o v A s, s ORI 0GR v vt s G A o st st O S o



A%

i

~115~ .

115 %%

were not attractive even after all the flatcar capacity had been %

exhausted. This accounts for the difference: botween the amount %

of trucking zovements not being fully compensated for by piggyback %

movements for LTL movemants in Table X. i
Analyeie of the Test Factors

Before proceeding with the analyefs of the test factors, the

symbolic representations of the test factors wiil be recapitulated.

The symbols which are associated with each test factor are displayed
in Table x1.6

J (st T
il e e L i\.ﬁuﬂlﬁﬂl«ﬁh’luﬂw

e U

TABLE XI 3
4

TEST FACTOR SYUBOLS g

7 A Truck Operating Ratio %
B Rail Operating Ratio 3

C Truck Load Factor é

2

D Rail Load Factor %

E System Capacity %

E ¥ Shippers' lLogistics Constraints %
4

This section prescats the analysis of the cffects produced %

by the six tcut factors, [or cach leve! of the size of shipuents

arameter, on wach of the perfloriance measyres,
13 [} 4

The analysls will
be composcd of two parts,

First the offcets which are found to be
statistically sipnfficant vIi1 by Hentificd, Secordly, an
for detafl cencerafny t!
reader 1y ruforrad te 1able

he Loevods ot the test factorsy the
y Chapter 11L, Sunrl, op. 04,

.
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explanation of what "caused”" the factor to be significant in terns
of the manner in which the model operated will be given. One cannot
be absolutely sure, however, that the explanations will be complete
or accurate, This is because of the complexity ol the interactions

of the system which required simulation to be used as a methodology

to study che transport:i:on company concepet. i

As indicated in the last chapter, the main effects and inter- %
action effects will be tested .or significance. The main effects 3
and interaction effects are numerical measures of each type of effect, %
"In generél, an effect is the average difference between observations %
(of & particular performance measure) generated from siwzulation runs g
where a test factor is at its alteruate level, and the observatzions é

where a test factor is at its standard level“.7 The effects are

definéd mathematically as follows:8

1. MAIN EFFECT;

n ~
J Xi n Xi
HEj" X "T‘J"' Z ""l; (j-lg eecy 6)
=1 73 i=]
where:

o diatibotndididuitin . o mamLitisa

MEJ = main cffect of the jth tést {factor
ij = ith observed measurc when the jth test factor is
at its alternate level,
ki = 1th observed measure when the jih test factor

is at its standard level,

7Chcrvany, op.clt., p. 272,

®1b1a., p. 273,
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3 = the number of observations when the jth test

factor 15 at 1ts alternate level, and

n = the number of observations when the jth test

factor is at its standard level.

FIRST-ORDER INTERACTION EFFECTS:

n n
33 Xy5y 3 Xy
1 172 2
By =afl B =~ F w0
1¥2 i=1 Jljz i=] jz
n
1 %4 nox
1 I |
T
i=1 jl i=}
(3= 1, v0es 6
(3= 1«0y 6)
(3, # 1
where:
1L first-order interaction cffect of the j.th
jljZ !
and jzth test factors,
X = ith observed mcasure when the two test factors
13,3,
(jl and jz) are both a+ their alternate levels,
xij ith obscrved measurc when test factor jl is at
29
its standard level and test factor j2 is at its
alternate level,
X ith observed measure when test [actor j, it
ijl 1

alternate level and tast factor j2 is at its

" stan lard level,

ith ovserved measure when both test factors

(jl and jz) are at thelir standard levels,
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njljz = the number of observations when the two

test factors (jl and jz) are both at their
alternate levels,

njz = the number of observations when test factor
31 is at its standard level and test factor
Jz is at its alternate level,

njl = the number of observations when test factnr
Jl is at its alternate level and test factor
52 i8 at its standard ievel, and

n = the number of observations when both test

factors (jl and jz) are at their standard

Jevels,

An example ghould help to clarify how the measurement calcu~
lations ‘are made, From Table X the difference between the expected
contribution of the transportation company and the expected contri-
bution of the single wodal carriers is $24,221.53 for TL/CL move~
ments. The average difference between the expecced contribution
when the truck operating ratio was at its alternative level, i.e.,
91% was 24,169.67, Similarly, when the truck operatiug ratio was
at itr standard level, i.e., 99%, the average dif{ference in
expected concribution between the ocganiza.icenal cltematives was
24.273.35, The dlffcerence beotween these averages (%103.72) is the
main effcct cf the low oporating ratio (217) over the high operating

ratio (997).
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The operational interpretation of the interaction

effects
is much the eanme.

For exanple, the interaction effect of truck

operating ratic and system capacity (AE interaction, see Table

. S
e s St o R S A R

XIia) resulted in an increase in the difference between the

expected contribution of the transportation company as compared

> N A ik A KB
m\m,mmmmmmumm,m‘mﬁmwm ey

g

to the single modal carriers of $8883,32. This represents the ;

average of the expected contribution when both factors, A and

*
2
=
4
s

E, were at their standard levels plus the average vhen both
factors wére at thelr alternate levels minus the averages when
one factor was high and the other factor low.

Before proceeding with the analysis, the direction of the

change in the econonic performance measures brought about by changes

in the levels of test factors deserves some discussion. An increase

in the expected and actual contribution indicates that the transpor-

s b ARG 3]
Wmmmﬂwmm«m;mmﬂimMﬂMﬂluﬂlﬂMﬂWﬂumy.rm :

tation company is more "profitable" than the single modal carriers,
A decrease in thses performance mecasures indicates under what
circunstances (test factor levels) the single modal carriers may

econoriically out perform the transportation company. Similarly,

o A A e AT

an increase in price paid would mean the slingle modal carriers

i ok R o R

were more economical to users than a transportation company,

Conversely, a decrcase in the price paid for transportation, indi-

|

¢ates the transportation company may be more ccoponical to uscrs

than single nmodal competitive carriers,

i
§
E
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£
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The effects of the test factors are summarized in Tables XIla
through XVIIt., The results of the analysis of variance are identified

by the use of asterisks as described earlier in this chapter.

Effects of a Changé in Truck'Qperating Ratio (99%-91%) on the

Performance Measures

The effects of the change in truck operating ratios are pre-
sented in Tables XIIa and XIIB. These resclts indicate that no -
significaﬂt change in the petfo;mance measures occurred due to
changes in this factor, The lone exception to the lack of signifi-
cant effects took place in the amount of rail movenment measure in
the TL/CL category of movements, The interaction of a decrease

in truck operating ratio with a reduction in syétem capacity caused

. more movements to take place by rail boxcar. The reason for this

result is fhat'the changc iﬁ truck operatiqg ratio did cause more
ﬁovcmpnts to take place by truck, although not a significant amount,
by shifting'piggyback mgvcments to the trucking modef Vhen the
trucking mode capacity was restricted, the transportation company
would in genéral} vhen not constrained, shift trucking moves to
rail moves, especially on the louger route segments wherc the rail

mpde even 1f not low cost made a subistantial ceatribution to profit

and fixed ard’or conmon costs.
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Effects of a Change in Rail Operating Ratic (B85%-657 on the

Performance Mrasures

The effects of the change in rail operating ratios are pree~

sented in Table XIlla and XIIIb., There are a nucber of statistically

significant results in all the performance measures except on the

amount of truck movements.

Expected Centribution-~In both the TL/CL and LTL categories

of movement, the reduction in r#il operating ratio caused a
significant increasc in the expected contribution of the transpor-
tation company as coopared to the single medal companies. There
was also a significant interaction of a decrease in rail operating
ratio with an increase in rall load factor in the TL/CL wmovetent
category. This interaction (BD) had the effect of lowering the

sxpected contribution of the transportation company vis~d-vis the

single modal companies,

Actual Contribution--Again for both TL/CL and LTL movements,
the reduction ¢f rail operating ratio causcd d significant increase
in the actual contributfon of the transportation coupany as com=-
pared to the single modal carricrs, There was also a significant
interaction of a decrease i roll operatlng ratle with an increase
in rafl load factor (D) in the TL/CL wmovement category. As one
pight cxpect, this Interactfvn had the same eifect on actual centris
bution as It did on ¢upected contributfen; that fe, It caused a
Jowerdng, of the actual contributlon ¢f the transportation cergany

vin<i-vis the single modal carrivrs,
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¢ Price Paid--The change in rail operating ratios caused a
cignificané reduction in the price paid fur transportation services
for users of the transportation company vis~d-vis the single modal

carriers -~ ~he TL/CL category of movemeniz. This factor had no

r
H
=3
3
=
3

effect on . price paid for LTL movements. There was one signifi-

cant intera. *? n with the truck load factor (BC) in this performance

Y 1J|M|hi-

measure for .. - 'L movements. This interaction, a reduction in

rail cperating : tio and an i{ncrease in truck luad factor had the

effect of lowerfi., the price of scrvice for the users of the

transportation <or.:.13 as compared to the single modal carriers.

Amcunt of Pipy: . Movements--The reduction in rail operating
ralio caused a signif.....tly fewer amount of piggyback movements
to tase place in the tra. :ortation cémpany getting than in the
single mvdai carrier euvivcrment for TL/CL movements. There was
no significant differenc - bherscen the systems ag far as LTL move~

ments are concerned.

Amount of R~11 Muvements -0 wer plggyback movements were

L L Tpeey e —— e

compensated by a larg:r .wount ¢: : :) wovements in the TL/CL

‘AN e ol . 1.1t eGSO 0T At . e iRttt

category. There are, of course, :9 7+ czar movements being considered
in the LTL category., e redacl o of ¢ operating ratio con-
bined with an increasc i.. rafl Jead facior & coduced a sigudfl-

cant irteraction (BI) - tc1 kad the vt o 1~duciug the numder

of rail movements,
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Explanations--What interrelationships within the sim:!: (<
system caused these changes in the perforrmance measures? To Loy 'r
the discussion, it was pointed out ﬁhat the transportation company
experienced larger expected and actual contributions in both
categories of movement than did the single modal companies with
8 reduction in the rail operating ratio. The reasons for the
increased profit contribution of the transportation company over
the single modal coupanies are the same in both cases. The
transportation company shifted traffic frem truck and piggyback
to rail movements, It did this to the extent possible. That is,
the transportation company shifted as much traffic to the rail mode,
which the single wodal companies were moving by rail and piggyback,
88 1t could without violating shippers' legistics constraints and
capacity constraints.

The significant interact{on effects under expected contri-
bution and actual contribution, BD, indicates that the combination
of a low rail operating ratio and a high rail load factor signifi-
canfly reduced the expected and actual contribution of a transpor-

tation company as coupared to its single moda) counterparts., It
must be remenbered, however, that these resulcs must be interpreted
in conjunction with the rcsults displayed in Table X. It can be
secn that thc_BD interaction is negative in cach case. Thus, the
BD intaraction cffect Is Lo lower the figure of the expected and
actuzl contribuiion in Table X. The rcason the BD interaction is

negative 36 that this combinatien is the wost favorable rafl pesition
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for single modal carriers. Thus the formation of a transportation
company with these rail characteristics while still improving

the profit situation of the transportatjor company over the single
modal carriers does not result in as large an incrcase as the
average presented in Table X,

The effect of a reduction in rajl operating ratio was tn
reduce the difference in total price paid for transportation by
users betwcen the organizational approaches. The reduction in rafl
operating ratio made the rail mode in both organizational settings
the most "profitable" method of movement ¢:. a large number of
route segments, Also, the reduction in ral!l opcrating ratio made
the rail mode much more competitive with the independent trucker,
in other words, on some route Segxents when the rail mode had a
high operating ratio the only traffic it could obtain was that
reserved for the mode due to shippers' logistics constraints. On
other route segnents the rall carrier would attempt to compete
with Plan I1 movements. Under these circumstances the single mcdal
trucker, in a number of situations, would exhaust his capacity
before demand was satisfied. The transportation company, on the
other hand, because {1t controlled both modes made different allo-
cation decisious (based upon total system widc contribution

("profit") maximization) which resulted in more demand being
satisficd. Decause more demand was sotisiied, the corresponding
total price pald for serviece was greater for the transportation

company that the single rvedal carrders, when the rafl mods had a
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high operating ratio. Thus the reductior. in raill operating ratio,
since it enrbled the single modal rail cacrier to be more com-
petitive, reduced the differerce in the price paid between the
tfansportation company and the single modal carriers. In fact,

on a8 large number of runs, whecre the rai) operating ratio was at
its low level, the differer.e in price paid between the two

alternative organizational approaches was zero. Thus, the overall

effect of a reduction in rail operating ratio was to increase the
contribution of the transportation conpany over that of the single
modal carricrs at substantially the same price to users as that
paid to the single modal companies,

The interaction of a reduction in rail operating ratio and
an increase in truck load factor (BC) had much the same effect as

that described in the last paragraph. The increase in cruck load

factor coupled with a reducticn in rail operating ratio made piggy-
back movements, in general, the dominant method of movement in

both organizational settings. Hence, the difference in price paid

for transportation seivices between the organizational alternatives
was very much closer together than when the truck load factor

was at its low level. In other words, the difference in price

paid for services betwron the organizational alternatives under
these circunstances (factor levels) vas zcero or nearly zero in

all cascs, 2s opposed to sftuations when these factors were at

thedr standard levels,
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Effccts of a Change in Truck Load Factor (100 Cwt.-300 Cwt.)

on the Perfcrmance Measures

The effects of the change in truck load factor from 100 Cwt,
to 300 Cwt, are presented in Table XIVa and XIVb. The change in

this factor produced several stitistically significant results.

Expected Contribution~-The increase in the trucl load factor

significantly reduced the expected contribution of the transpor-
tation company vis-8-vis the single modal coﬁpanies in the LTL
category of movements. This factor had no significant effect on
expected contributions for CL/TL movements., There were two signifi-
cant interaction effects for this measurc. The CD interaction

effect, increased truck load factor with low system capacity,

was to significantly increase the expected contribution of the

transportation company vis-d-vis the single modal carriers. The
same kind of effect was caused by the CD interaction effect, high

truck load factor with high rail load factor,

Actual Contribution--The change in truck load factor produced

no significant main effects in this performance measure, There

were two significunt interaction effects lLowever. Again for the
TL/CL movements, the interaction effect with system capacity (CE)
was to increase the actual contribution. This same kind of reaction
was producec by the interacticn effect with rail load factor (Cb)

in LTL movements.
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Price Paid--The main effects of a change in truck load factor
was significant in both categories of moviment. The effect in
both cases was to increase the price of services of the transpor-
tation company compared .. the single modal carriers. Several
interaction effects were oisﬁificant as well., The interactions of
truck load factor with (1) rail operating ratic (CB), (2) system
capacity (CL), and (3) system logistics constraints (CF) were all
significant in TL/CL movcments. The last two interaction effects

acted to increase the price paid while the first acted to decrease

the price paid.

Amount of Truck Movements=--The change in truck load factor

had no significant effect on the amount of product moved by truck
in the TL/CL movement classification. This test factcr change

did, however, cause a significcnt incrcese in the amount of truck
movements of the transportation company vis-i-vis the single modal
carriers for the LTL movements. Therc were also two significant
interaction effects in the LTL classification. The interaction
with rail load factor served to decrease the number of truck move-
ments significantly. Ou the other hand, the interaction of truck
load factor with shippers' logistics constraints served to increase

the arount . ¢ Cwt, moved by truck.

Anount of Plgovback Muverents=~the amount of Cwt, moved by
plgryback was signlficantly funcreacced In TL/CL wmovements and was

sipaificantly deceroased in LT movements by an dnerease in truck
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L3
load factor. There were three significant interaction effects.

For TL/CL mcvements the interaction with . low system capacity
(CE) significantly decreased the nuaber of piggyback movements.

For LTL movements, the interaction of high truck load factor

=
4
%

with high rail load fa-tor se}ved to increase:the amount of Cwt.
moved by piggyback. On the other hand, the iuteraction with

low shappets' logistics constraints acted to reduce the number of

st i

piggyback movements,

Explenations--Because of the large number of significant

sl

interactlions associated with a chauge in the truck load factor,

discussion of the effeqt of a change in; this test factor will be

b

centered on the main effects. - Interaction effects will be examined

.

‘for trends rather than discussing each sighificant interaction
effect individually,

In the LTL movements, the increase in truck load factor caused
the expcected contribution of thé transportation company compared
with its single modal counterparts to decrecase. This is due to the
fact that with a high truck lead factor less craffic was allocated
to piggyback movements by the transportation company. This is
because an increase in the load factor of the trucker reduces the

cost rer Cv:., of moving goods, Since cos:. 1s directly related

to the rate (the full cost), the trucker becanmo more competitive

i o o o bt bt A oaraiiudin st S E

with pigpvback movements, Hence the trensportation cempany had
little opportunity to shift trafiic from truck to pizgvback winvesents

with {ts at -endant greater prafit contribetion, The offcet of the

1t el £ i M

h.
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change in truck load factor did decrease the difference between ;

» bz

v

¢ the two systems actual contributions but was not quite statisti- 3
cally significant at the 10% level.
% That the above reasoning is correct is borme out by the é
D :

fact that the transportation company moved signifizantly many

[Slat's

pore Cwt, by truck than when the truck load factor was at its low
level in the LTL category. Correspondingly, the transportation %
company moved much less traffic by piggyback than when rthe truck

load factor was at its low level,

i
2
i

A peculiarity in the main effects trought about by the change
in the truck load factor is that the price paid for LTL transpor-
tation by trausportation company users is significantly higher
than wheun the truck load factor was at its low level, This {s an

interpretation problem which again deals with the nature of the

R e, T S

perforr :nce measures being a differcnce between the two approaches
to trausportation. The increace in truck load factor did signifi-
cantly ralse the price paid from the average fourd in Table X.

Even vith this rise in price paid between the two forms, the é

transportation compony world sti)l have negative cffecet on the

S G D R

total price pafd by users., That is, 1f the deviation from the
average caveed by an fncrease {n truck load factor was added to 3
the average diffcrence, the figure would still be negative by a

large amouut thus indicating

“

the transportation company still creates

economdes for shippers,

P

:
i




«136~-

Before considering the TL/CL movements, the effect of changin§
the truck lcad factor on the LTL interaction effects will be
examined, Four of the six significant interaction effects were
the interaction with a change in rail load factor (CD). The other
two significant interactions dealt with the interaction with a
change in shippers' logisticg constraints (CF).

The CD interactions had the effect of significantly raising
expected and actual contributions and raising the amount of Cwt.
moved by rail while reducing the amount of truck movements. This
is as one would expect. The combination of high truck and rail
load factors made piggyback movements the least cost (rate) maximum
contribution method of movement. The piggyback movements had a
larger contribution associated with them than did the truck move-
ments, Hence the transportation company substituted piggyback
movements for truck movements subject to logistics and capacity
conitraints. This had the effect of increasing expected and
actual contributions over the single modal trucker.

The significan: CF interactions had the effect of raising
the price paid by users over the average and reducing the number
of piggyback movements below the average difference as expressed
in Table X. Again this is so because, in general, an increase
in the load f;ctor of the trucking mode made thisAmethod of move~

ment dominant. Most moves took place under these circumstances

- by truck, which in general had a larger price tag than when coordi-

nated transportation was used under differont factor combinations.
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The change in truck load factor significantly increased the
TL/CL price paid and the amount of Cwt. moved by pigzyback. The
$acrease in truck load factor made piggyback movements an
attractive {atcrmediate length of haul method of movement., In
the single ..odal situatic:n, however, the trucker tended to make

truck movements as much as poussible because of the necessity of

splitting the contribution in Plan 1 moves. The t -ansportation

company utilized piggyback movements to a8 greater extent when

the total coatribution was greater.

The effect of this factor on the price pald by users is nmore

couplicated to analyze, Certainly, the Interaction with low systex

capacity (CE) Js understandable. The price pald significantly

incrcased wh.n the trucking capacity was exceeded, This is

because alternative more cxpensive methods of noverment must take

place to satisfy demand. As far as the main effect 1s concerned,

the analysis of the printouts of the simulation indicated that the
increase in truck load factor made trucking moves more attractive

to the trucker a3 well as the transportation company. The simu~

letion printouts revcaled that in a large number of cases, due

to chance, the single mocdal carrier would rup out of capacity

before demand was satisifed, The transportaticn cempany while

gtil1l operachi;, under low system ceprelty had an additfonal srount

of trucking capacily at Its Jdispesal.  This extra capacity was

whot the raflroad had avalitable for Plan IT moves,  Thus the

transpariation eonpsy g able to satfafy all of the deioad snd
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as a result the price paid for services correspondingly rose.

Rffect of a Change in Rafl load Factor (400 Cwt.-800 Cwt.) on

the Performance Mecasures

The effects of the change in rail leed factor from 400 Cwt.
to 800 Cwt, arc presented in Table XVa and XVb. The change in
this test factor produced many significant results.

Expected Contribution--The increasce in rail load factor had

the effect of significantly reducing the expected profit contri-
bution for both TL/CL and LTL movements. The change in this
foctor also produced three significant Interaction effects in the
expected contribution performance measure. In TL/CL movements

the interaction of increased rail load factor with (1) a reduction
in rail operating ratio (DB) and (2) a recuction in the size of
shippers' logistics constraints both served to significantly reduce
the nxpected contribution c¢f the transportation cecpany as com-
pared to the single modal corpanies, In the LTL category of
movements, the interaction effect of a change in rail load factor
with a change in truck load factor (DC) significantly increiased
the expected contributicn weasure,

Actual Centribution--The main cffects ok increasing the rail
load f-ctor "n both movenent catezovies ve3 Lo sigalficuntly decrease
the actual contribution cof the transportation cormpaeny as opposed
to the single wolal carriers. The same Interaction elfects that

were signd Ticant in the expected contribution moasure are «igni

[
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effects=-DC for LTL movements and DB and DF for TL/CL movements-~
produced the same kind of reaction of the system in this measuremsnt

as they did for expected contribution.

Price Paid-~-The change in rail load factor had no signifi-
cant effect on the price paid for transportation in TL/CL move-
ment category. The change in this test factor did, however,
significantly reduce the price transportation company customers
pald for transportation services as compared to the single modal
counterparts in the LTL category c¢f movement., The interaction
with shippers' logistics constrai~ts (DF) also significantly reduced

the price paid for services in the LTL category.

Amount of Truck Yovements--The increase in rail load factor

significantly reduced the number eof Cwt. moved by truck in the
transportation compzny situation vis~d-vis the single modal carrier
in the LTL category of movements. Also in LTL tiovezents, the
interactions with increased truck load factor (DC) and with reduced
shippers' lcgistics constraints (DF) significantly reduced the

gmount of truck movements,

Amount of Pirrviael Movements--The change in rail load factor

signlficnuﬁ.y increased the nurter of Chi. poved by pippvback fey
LTIL movements., This factor chiange had the cxact oppeosite effcet

on the amcurt of pigz-yhack msvenents in the TL/CL tovemert co’cpory,
There were tuvo significuut intoraciion ellects also. In the TL/CL

.

catepory, Lbe interactics with a reduced lovel of whippors' logis

Nt

LA
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constraints (DF) &also served to significantly reduce the amount
of Cwt. moved by piggyback methods. 1In tlie LTL category, the
interaction with increased truck load factor (DC) served to

significantly increased the number of Cwt. moved by piggyback.

Amount of Rail Movements~-The change in rail load factor

led to a significant increase in the anmount of rail boxcar move-
ments by the transportation company over vwhat the single modal
companies moved by rail, as one might expect. The interaction
with & low rail operating ratio (DR, served to significantly
reduce the number of rail movements of the transportation company

as compared to the single modal companies.

Explanations-~The exjlanation of how a change in rail load
factor produced significant effects cn the TL/CL performance
measures will be presented first, after which attention will be
given to the LTL performance measurcs. The increase in rail load
factor significently reduced the expected and actual contributions
of the trancportation company as cozpared to its single modal
counterpar:s. This 1s due to the fact tiat the chanze in this
factor made the single modal railroad, in most cases, the domi-
nant carrier. In other words this test factor change, caused for
the wost part, nmost of the single t.odal traffic to uzeve by rail
except where censtrained, Thus the formztion of a traaspor-
tation company had little effect on tie manner in which movenents

tooi place under these circumstances, and hence did aot increase

profit coatributicn as in other situations,
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In most situations the single modal trucker would attempt

UG LT T

to compete with the single modal rail carrier in short hauls by

RISUPF T TE

using Plan I moves, Thus the amount of Cwt., moved by the transpor-

o dis

it

tation company by piggyback was significantly reduced as compared

aeth.

to the amount the single modal carriers mcved by this methoad.
This 18 because, under most circumstances, the rail mode was low é
cost but piggyback Plan I was within the price range of competition.
Thus the transportation company shifted movements which the single :
modal carriers moved by piggyback to rail. This correspondingly
explains why the change in rail load factcr led to a significant
increase in the amount of boxcar movements.

The significant interaction effects with rail operatins ratio
(DB) were explained for the various performance mcasures earlier

in this chapter, vhen the change in rail cts ating ratio was

examined for effects. The interaction with a low level of shippers'
logistics constraints (DF) signiff.antly reduced the expected

and actual contributicn of the transportation company as well as :

the nunber of Cwt. moved by piggrback. The lower level of shippers'

PR LTS R T AR

logistics constraints allows the carriers more freedom in selecting

the methods of movemeat to satis{y shippers’ demand than does a

FE L2 Ty

high level of logistics censtraints. As such, the interaction of
high rail load factor with a low level of logistics censtraints

produced the same kind ¢ ffect as the main effects of changing

N INC SN TR ST

ratl load factor, only to a larger degree.

SBhew

st et R B enrs

4
b




T e e Y M e oo L At U e e el i S i n i s camm ie = em

“144~

Attention will now be turned to examine how a change in rail
load factor affected the LTL performance teasures. The effects
of increasing the rall load factor was to significamntly reduce
the expected and actual contribution as well as the price paid
by shippers aqd the amount of Cw:t. moved ty truck, of the
transportation company vis-é~-vis ‘he single modal companies. The
reason for the significar. decline in expected and actual contri-
butipn and price paid is that the high rail load factor has the
effect of lowering the out-of~pocke: costs ber Cwt. which is
directly related to the rate charge shippers (the fully distributed
cost), hence the price paid by shippers is less than in the single
modal situation. The full costs of the LIL piggyback movements
were substantially less in most cases than the fully distributed
truck costs. In the single modal situation, the trucker would
set ﬁis rate at his fully distributed cost since he does not have
to participate in Plan I moves, This had the effect of raising
the profit contribution of trucker relative to rhe transportation
compahy because the transportation companyvpriced its services
at the full cost of the low cost mode. Even with this difference
in priéing between the systems, the transrortation company cut-
earn.d the sinzle modal companies. The effect of increasing the
rail load factor was to decrcase the amount of expected and actual
profit contribution dif - rential between the systems. Even so, if
onc loois at Table X, onc can sec that even after subtracting the

effects of this factor from thie averages in the table the
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transportation company is still more "profitable" than the single

modal companies.

It should be pointed out that the pricing actions of the trucker

differ substantially betweer the two classes of movement--LTL and

TL/CL. In both cases, the trucker does not have to participate in

Plan I moves if he does not wish to. The same is true for the

railroad. Ian the TL/CL market, the trucker has an incentive to
participate in Flan I moves that he does not in the LTL market.
In the TL/CL market, the railroad is ccmpetitive for traffic that

the trucker vants to carry and vice versa. Thus if the trucker

is not low cost he will want to participate in Plan I moves if

this is the only wmanner in which he can obtain some contribution.

This 1s not the case in the LTL marlket. 7The railroad doss not

actively compete ..r LTL rovements in the portion of the market

9
considered in this study. Thus the trucker will price his LTL

services at his full costs i1 all cases.
The result of increasing the rail load factor was to signifi-

cantly increase the nuther of piggyback movements and enrrespondingly

decrease the number of truck movements. This had the effcet of s”gnifi-

cantly reducing the price paild by shippers which is due mainly to the

lower priced rail related piggyback substitution for truck rovezents

It rust be remesbered that this study is exanining oulv common
carrier rail and truck movoments, awi ass-ciated VPlan I and Plan 51
piggyback tnrements in roth traffiin categouries. To lend scme credence
to the above statement thuat railreads do rnot activelvy seek LTL =c
ments in Plan I1 moves the aullicr centacted tae Jurlingion Norshera
Railroad to dJdetermine tie wype of trafiic being earried in Plan II
moves,  Mr, Robert Drokorp in the 10IC Departzent indicatcd
mately 997 of Plan II raves are 1L lets. To double check tuisz 1izure,
Mrs. Roosmary Hurd in the freizht soent's Offize was contasted; sho
placed the esticate of 50 of the Plan Il
noavenents,

approni-

mevieToats were Lrucklocsd
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The interaction effects with u change in truck load factor
(DC) whicﬁ had significant effects on the performance measures were
discussed in the seccion explaining the effects of a change in truck
load factor, There were two significant interaction effects of
an increase in rail load factor with a reduced level of shippers’
logietics constraints (DF). The DF intcractions served to
significantly reduce the price paid and the amount of truck move-
ments, This is due to the fact that reduced levels of logistics
conatraints allow the transportatis: company to substitute piggy-
back service for truck scrvice to a ~ter degree than a high level

of logistice constraints,

Fffectu of » Change {n the Capaclty of the System on the

ARy Ay SN O bty ity

Perfornance Mcasures

The effects which resulted from a change in the level of
the capacity in the eystem are displayed i{n Table XVia and XVIbL.

The chonge in the level of this fu:utor also produced several

| efgnilicant results,

Expected Contributicn--The reduction n the level of system
capacity had no appreciabile effcct cu the cxpected contribution

of the travsportation corpany o npared to the singlc madal
compantun fn efther the TIH/CL or LIl category of wovement, The
fntoraction witt Cae Jevel of trust lead factor (FC) styndfl-antly

Incrvaned the erpected contribution of the Lransportatien company
! paay

viaeA-vts the plppte o otol earvioren,
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L : Actual Contribution--As in the case with expected contri- 3

é bution the change in the level of system capacity did not signifi- H
% cantly effect this performance measure in either category of movement., :
é The EC interaction significantly incrcased the TL/CL actual contri- 3
i
H

: bution, the same ceaction it cauded in the expected contribution

; measure, 2

. Price Paid--The change in this test factor had no appreciable

effect on the price paid for LTL movements, The reduction in ¥
the levei of system capacity did sipnificently raise the price

paid for transportation services for TL/CL moverments. The

o it g Wbl g sl vt

interaction with a change in truck load factor (EC) acted to

5
Y

significantly increase the price paid by users in the TL/CL

R E

category of movement,

1

4 Amount of Truck Moverents~-=-The decrease in the level of system

e

;‘ f ‘ capacity significantly incr :ed the number of LTL truck movements

[y

the transportation company .ade cowmpared to its average usage of

o i it

truck movements., This test factor change had no effect on the

amount of truck movements in the TL/CL market.

: 1 Amount of Piusrvback MNovements~-The change in the level of

capacity sigaificantly increased the numbor of piggyback move-
menis In the TL/CL warket., «while 1t acted to sipndficauntly it

decrcase the amount of pippvbaci novenents In the LTL market,
| M ST,

The interaction with truck load factor

(¥C) acted to significontly
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decrcase the amount of piggyback movements, while the interaction
with a change in the level of logistics cunstraints (EF) acted

to increase the amount of piggilack movemenﬁs in the TL/CL market.

Amount of Rail Movements-~The reduction in the level of system

capacity served to significantly reduce the number of rall boxcar
movements in the TL/CL wmarket. The interaction with the reduction
in truck operating ratio (EA) significantly increased the awmount
of rail mo;ements. The interaction with a reduction in the level
of shippers' logistics constraints served to significantly reduce
the amount of rail movements the transportation company made with

respect to the average difference between the two systems or modes

.~ of operation.

Explanations-~The discussion of the causative effects of the
reduction in system capacity will begin with the TL/CL market,
The reduction in the amount of capacity significantly increased
the price paid for TL/CL movements, The recason for this is that
the restriction on capacity ncccssitated a4 greater dependence on

full cost pricing ou the part of the single modal carriers. That

is, in situations where the capacity was not great enough ‘o

gatisfy demand, as a result of poor market cstimation and allocation,

the single modal carriers cculd not nor did they wish to transfer
wnnet demand to the cempetitive mode.  The transpertation ccipany,
on the other hand, wien it did cutiaust the capacity of one mede

wottld shift the uvisel doenand to another wethod of wovenent. lhe

Jhm;'
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1

end result was that the transportation conpany did not have as E

R
PR

much unsatisfied demand as the single modal carriers and that, as

it

such, the price paid for trusportation was greater than that paid :
to single modal carriers.,
These findings are further supported by the fact that a change 3
in capacﬁty resulted in a significant reduction in rail moverents ;
and a significant increase in piggyback movewents, This resulted 1
from the fact that, in most situations, the rail mode was the
scarce resource, The transportation company would then shift the é
unmet "boxcar de;and" to piggyback moves. é
The sigaificant TL/CL interaction effects with the change
in truck load factor (£C) on the various performance measures were
explained in an ecarlier section of this chapter. The interaztion
with a low level of shippers' logistics constraints (EF) signifi-
cantly increcased the amount of plggyback movements and significantly

decreased thz amount of rasil movements., This is the same reaction

as the main cffect, the change in systen capacity created, except
to a lesser degrec. This is as c¢ie would expect. The change in
the level of logistics constraints cectrols the amount of traffic 3
which Is subject to intecriedzl competition. Thus the result ¢f
expanding the competitive traffic market and reducing the anount 2
of capacity was to cau«e the transpurtation -umpany to shift
competitive Jemand frron (lw scarce resource to an availahle next

most profltable rethned of wovement.
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There were no significant interaction effects associated
with this test factor in the LTL category of mcvement., The
reduction in system capacity significantly reduced the amount of
piggyback movement and correspondingly significantly increased
the amount of truck movements in the LTL market segment. This is
because the maxicum contribution method, in general, was piggyback
moverents in the LTL market. The scarce resource was also the
amount of flaitcar capacity (See Table I, Chapter III). Thus reducing
the systen capacity, in effect reduced the nurber of piggyback
movements the transportation company cculd make. The unmet "piggy-

back demand" was shifted to the trucking mode.

Effects of a Chanze in the Level of Shispers' Lozistics Censtraints

on the Performance Measures

The effects which resulted from lowering the level of shippers'
lc z1stics coastraints are presented in Tables XVIIa and XVIIb,

The change in this test factor produced several significant recsults.

Expected Contribution--In the TL/CL category of movements,

the reduction of the amount of tra{fic subject to shippers' logistics
constralots, sipnificantly increased the exzpected contributien of

the transportation company over its single nodal counterparts.,

The interaction with a change in rail load factor (FE) served to

significantly reduce the .o /CL expected prefit measure,
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Actual Contribution--The change in tte level of logistics
constraints had the same effects on this performance measure

as i1t did on expected contribution,

Price Pald--The change in this test factor significantly reduced

the price pald for LTL trarsportation services. In the LTL category

the interactions with truck load factor (FC) and rail load factor

(FD) served to significantly increase and decrease the price paid

for LTL movements, respectively, In the TL/CL category of movenent,

the interactfon with truck load factor (FC) also served to signifi-

cantly increase the price paid for transportatien.

Amount of Truck Movemonts--The change in the level of shippers'
logistics constraints had no appreciable cffect on the amount of
twt. noved by truck for TL/CL wmovements. In the LTL category of
movements, the reductlon in the level of Jogistics constraints
significantly reduced the amount of Cwt. the transportation company
moved by truck in relation to the single modal carriers. Also for
LTL movements, the interactions with truck load factor (FC) and rail
load factop (Fb) significantly increased o2nd decreased the nurber

of Cwt, moved by truck, respectively.

Anount of Pirnvback Movomenls— The r.o duced level of logistics

constraints scrved to significently increase the amount of LTL
Owt, moved by pigzyback., The change in this test factor hal just

the oppostic cffect on the aumount of TL/CT Cwt. wnoved by pissvbaciy

A

AR Y
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that is, it significantly reduced the piggyback movements of the

| transportation company compared to the siigle modal carriers., 1In

: the LTL market, the interaction with a change in truck load factor
(?C) significantly de_reased the number of piggyback movenments.
There were two significant iateraction effects in the 1i/CL market,
The interaction effect with ;ail load factor (FD) acted to signifi-
cantly decrease the number of piggyback movements. The interaction
g effect of a reduction in logistics constraints with a reduction in

system capacity (FE) significantly increased the amount of (we,

moved by piggyback.

Amount of Rail Movemonts--The reduction In the level of logisties

constraints served to significantly increase the amount of Cwt.
woved by rail boxcar in the TL/CL category of movement. The inter-

action with a low level of system capacity (FL) acted to signifjcantly

decreasc the number of boxcar movements.

Explanations~--All of the significent interaction effects
caused by a change in the level logistics constraints have been
discussed in previous sections of this chapter, Therciore,
attention will now be placed ou the explanatious as to how the
change in this test fact r caused significant main effects in the
various perfermance ncasures. 1ha significant main cffects for
TL/CL moveuents will ve discussed first,

Wi+ the lover level of legistles coustraints 1upesed oa Lie

situ!l cn, Lhe single medal crucker, witenl he vas not the lew cost

it e b tbn bt it R
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carrier, wculd try to compete for traffic whenever possible by
utilizing Plan I movements or by pricing trucking movements at

the low cost method of movement. When the logistics constraints
were low, fhis meant corsiderably rore trzffic was moved by
piggyback in the single modal system than when the constralnts
were set at a high level (See Table I, Chépter I1I). The
trensportation company, when faced with low logistics constraints,
used the method of movement to satisfy unconstrained demand that
had the maxizum contribution. In a large number of situations
that maximum coniribution zothod of movement turned cut to be the
rail mode. ¥or TL/CL wowements then, the change in logistics
constraints caured the transportation company to use significantly
more rail movements and less pigsyhack movements than the single
modal cairiers, This resultnd in greater expected and actual
contributions for the tramsportation company than its single podal
counterparts because, 1a general, the single modal equipzent
allocation dacisions dil not result in the maxinmum systen vide
contribution which the transportuation company d¢id obtain.

In the LITL market scgment, the reduced level of logistics
conatraints found the transporiaiticn compruy shifting a significant
anount of vacenstrained wraffic, that the single wodal cuorriers
were moving by truck, to piggybach movemente. The trancportation
company did this when <uo contributicn of piggyback zoves was
greater than thet of truck moves. Althouph the cpuratiius ol the

transpovtaticn cerpany dic nat vesult dnoa cizniflican
t 1 K »
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in contribution as a result of a change in the level of logistics
constraints, it did decrease the price paid by users for transpor-
tation services. The reason for this is that, in most situatious,
when the transportation company utilized piggyback movements this
method was the low cost (rate) method. Thus piggyback rmovements
significantly reduced the cost of transportation service for the

customers of the transportation company as compared to the cost

pald by users in the single modal system.

Sumary

Because of the length of this Chapter, a brief summary of
the important results is appropriate. To begin with it was fcund
that most of the averzge differences of the performance mezasures
between the transportution company and the single modal carriers
were significant, Mcre specifically, for TL/CL movements it was
found that the expected and actual contritution of the transpor-
tation cocpany were significantly greater than the sum of these
measures for the single modal carricrs. Furthermore, the transpor-
tation compeny made significantly less pipgyback movements than
the single modal carriers. In ihc LTL category of movements, the
expected and actual coatritution of the transportation company
was again s.gnificantly larger thon the combined contributions
the single rodal carricrs, The transportaticn cumpany also had
the effect of significantly reducing the price paid by shippers

for LTL tramsportatic: cervices. lhe traasportation conmpuny made
t t J
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Al

significantly fewer truck movements and significantly more piggyback E

movements than did the single modal carriers.

- The prime consideration of this chapter was the identification
and explanation of the manner in which the levels of the test
factors cffezt the average performance measures. The chapter
3 presented the analysis of thg effects produced by the six test
. factors, for each level of the size of shipsents parameter, on
each of the performance measures. The results of the simulation
are grapnically displayed in Tables XIla through XVIIb. The test

factors prodiced several significant main and interaction effects

in the performance weasures.

The following tables recapitulate the sigalficant main and

first-order interaction effects. In the tables an arrow pointed

upward (4) indicates the effect increased the difference between
k! |
o 3 the perforraace measures of the transportation company as cozpared
to the singls modal carriers. An arrow pointed downward (+) indicates

il the effect decreased the difference betreen the perforzance measures.

The absence of an arrow indicates the factor or factor combination

had no effect on the performance measures.,
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% . Economies of Scald . b o
One' facet of the possible economic advantages a t:anspor- ' ;L;ﬁ
tation cowpany might enjqy over its ;inglo modal counterparts that '

1 1

was not directly condidered in the preceding analysis is the
' |

.posaibility of achieving economies of scdle as a result of comp

bining two different modes of transportation. As indicated in

. R T DO UL YT 2
PR T BA TR T AT Sl TN 1
AT o e § -

Chapter I, there is wide dieagteement on the part o{ transpor-
tation econoxnists as,to whetner or not a mnlti-nodal transportation~ ]
company could“acnieve siénificant economios of scale, The disagree-.
. ment centers on the question of how similar are the operating | .f o
functions of the combining modes and is there enough gimilarity |

SRELPWRRS. ST R M APPL ¥

to allow' the ttansportation company to centralize functions and
eliminate. duplicative functions, and so fo“th. These kinds of ,

qucotions wili be addrcssed in Chaptcr VI. As will be pointed )

out in Chspter VI, there really has not ﬂoen enough research éone

in this area of the transportation compsn} concept to answer the :

quection of vwhether or not there are substantial economics of

dcale to be bbtained' from combining separate modes.,:. h . !
‘How does the fact that economies of scale were not directly |
! ) : . ]

considered in tho.nnalysis'nffect the.reouftsdof the study? To'

e e T s e RN SR S

" underatend what effoct this has on the results of the study, one , !
. . ' e 1 [y
must know exactly how tho simulation considored ecodomics of ™

scale, The cost data, for a given oct of pnrnnctors. which the
stranoportotidn conpony ucilizod to maka pricinz ond oquipncnt

sllocntion decisions vas exactly the lomo'ns tho cost data,tha
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single modal carriers utilized to make their decisions. As such
the fixed and/or common costs, vhich are the cos?s which economies
of scale would effect, for each method of movement were the same
across the two methods of operation, i.e., transportation company
vis-§-vis single modal carriers. In essence, this means that the
transportation company considered in.this study was operating
with no realized economies of scale resulting from the combination
of two separate modes of transportation. This conservative approach
to the econonies of scale question means that the significant
effects described earlier in this chapter would still be valid
even if there were Qome economies of scale involved in forming
transportation companies. ‘ .

The reason why the results of this study would remain valid
cven'if there were substantial economies of scale involved in
operating transporta:;on companies is because the nature of the
performance measures which deal directly with costs and rates
are bnsgd upon the total contribution to fixed and/or common costs
and profit uargin.. Thus, while economies of scale may significantly
effect the profitability of a transportation company, they have no
effect whatsocver on the contribution which was used as a measure
of economic impact in this study. One mev, however, think of the
total contribution as a moasurc of profitability. This is because
the samc fixed and/or common costs would bo subtracted from the .
total contribution. Thus if it were finally dctermined that thera

were no cconomias of scale to be obtained from the formation pf

>
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transportation companies, the results of this study would be
directly aprlicable. If there are some economies of scale, the
sigrificant results would remain significant. If the economies |
were substantial enough, they may have the effect ;f adding a
nunber of additional effects to the significant list. This is
because the economies of scale would reduce the fixed and/ox
common costs as compared to the sum of the fixed costs of the
single modal carriers. Thus increasing the profigabiliﬁy gap
between the two organizafional approaches.

As étated previously, further research muét be directed at
determining the extent that functions may be combined of partially
eliminated in multi-modal transportation companies before reasonable
estimates of economies of scale may be made. Thus the performance
measures used in this study avoid this ﬁneasy task and yet provide

valuable Information as to the economic impact a transportation

company would have.

The Significance of Interaction Effects

Because there was a number of ;ignificant interaction effects,
47 of 330, a discussion on how these interactions have been inter=-
preted is warranted. It will be recalled that in the use of the
fractfonal ,actoral design, the main effe.ts and first order inter-
action' effects are confounded with highoer order iﬁceraction effects.,
It has been assumed, as stated Chapter IV, throughout that the high
order interaction uffects are zero. That is, in tha explanations

of how a chunge in the factor lavels "caused" the significant effects
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-1t has been assumed that the aliases of the main and first order

interaction effects are zero. This autho. believes this

assumption to be reasonable. The reader is left to his own con=-

clusion about the validity of this assumption. At any rate, if
the reader is not inclined to adopt the assumption the investi~
gation has at least identifigd the groupings of possible inter-
actions which have caused the significant behavior.

Another matter concerning the rejection of‘the null
hypothesis, that an interaction effecct 1s zero, deserves some
attention. If an interaction effect has been determined to be
significant, 1s the rejection of the null hypothesis concerning
the main effect of a component of that interacticn effect
meaningful? That i once an.interaction cffect has been found
to be»significant can the main effect be considered and if so
is 4t meaningful? Guenther states that if the interaction is found
to be significant, the main effect can still be tested but the
results of such tests are usually of no interest. Guenther goes
on to say, "when intecractions are present, the best treatment
combinations, rather than the best levels of treatwents, are
usually the prime conccrn".7 This may be true in most experi-
mental settiugs, but this is not the case in this particular
projecct. The rcason for this is that the object of this
dissertation is to obtain a broad picturc of the cffccts specific

factors have on the operating charactevristics of a transportatioan

|
7Guenllcr, opecit., p. 103, ;

.....
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company. The intent is to show over the spectrum of possible

test factor levels the effect these factors have in general on

the operations of a transportation company as compared to the
operations of single modal cempanies. This kind of broad or general
information would be useful in focusing attention upon a possible
change in public policy as it pertains to multi-modal transpor-
tation companies. That 1s, policy makers would be interested ip
the main effects of this study in so far as {f there were a change
in policy it would likely be general. That is, the Congress or

th» I.C.C. would be interested in figures as to how the transpor-
tation compsny concept fairs over the average level of the factors.
These ave the main effccts. The carriers on the other hand would be
interested in how the specific levels of the factors affect the
perforciance measurch, In other words the carriers would want to
know how they would benefit from the creation of a transportation
conpany with the specific levels of the factors the Interasted
carrier have. This study provides both of thcsc inforpational
requirencnts,  Thun both the rignificant interaction and main

effectn of this study are of Sulere:t.
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CHAPTER VI

OTHER ASPECTS OF COMMON OWNERSHIP

In the last chapter it was found that the formation of
transportation companies can result in economic benefits for both
the providers and users of transportation services. Before one
can really interpret the meaﬁiug of these recults ané outline the
implications they have for the transportation industry, the signifi-
cance of the economics of common ownership must be related to the
othef aspects of the issue. As mentioned in Chapter I, the

question of whether or not transportation companies should be

established in a multidimensional issue. That is, the formation

of transportation companies involves economic, legal, and social
- dssues which must be resolved before such companies can be
establishgg.. '
The purﬁose of this chapter is to identify the other aspects

- of the transportation company concept and discuss their relation-

ship to the research accomplished in this study. This chapter
consists of two parts., The first identifies the obstacles which
currently bar the establishment of transportation companies in
the United States. The sccond section of the chapter relates
thésc obstacles to the rescarch conducted in this atudy. The
dmplications and inicrprccnsion of tho results ol this disser-

tation in the light of the total aspects of the concept will

be reserved for the f£inal chapter.
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'0bstac1es to Integration
Sampson and Farris have noted thfee types of.obstacles which
stand in the wayléf integratioh in domestic transportation. These
are regulatory obstacles, inherent obstacles in integration, and

environmental obstacles.1

Regulatory Obstacles

In this section the National Transportation Policy, the laws
applicable to common ownership, the case by case development of
tﬁe 1.C.C, criteria for determining when a railroad may own a
trucking company, and the role of the Department of Transpor-

tation will be analyzed.

The National Transportation Policy (NTP)=--The National

Transportation Policy, as stated in the Interstate Commerce Act

is as follows:

It is hereby declared to be the national transpor- -
tation policy of the Congress to provide for fair and
impartial regulation of all modes of transportation
subject to this Act, so administered as to recognize
and preserve the inherent advantages of each; to promote
safe, adequate, economical, and efficient service and
foster sound economic conditions in transportation and
among the several carriers; to encourage the establish-
ment and maintenance of reasonable charges for transpor~
tation services, without unjust discriminations, undue
preferences or advantages, or unfair or destructive
competitive practices; to cooperate with the several
states and the duly authorized officlals thereof; and
to encourage fair wages and equitable working conditions;
all to the end of developing, coordinating, and pre-
serving a national transportation system by water,

1Smnpson ond Farris, op.cit., p. 332.
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highway, and rail, as well as other means, adequate
to meet the needs of the commerce of the United
States, of the Postal Service, and of the national
defense. All of the provisions of this Act shall

be administered and enforced with a view to carrying
out the above declaration of policy.2

After a careful reading of the NTP, one can conclude that
there is nothing explicitly stated which forbids the creation of

a transportation company if the creation of such a company could

be proven to be "beneficial." However, in the phrase fosters

sound economic conditions in transportation and among the several

carriers, the term several carriers has not been interpreted
by the 1.C.C. as a reference to the carrier industries or modes,

but rather to the protection of the business stability of indi~

vidual carriers (firms) of a mode.3 Also, to preserve the

inherent advantages of each mode implies a sacredness of division

or separation of each mode from one another. Although the term

inherent advantages has never been adequately defined, it is
usually taken to mean that each mode has some unique character-

istics that enable it to offer services for transportation users

which other modes cannot.4 This statement should not, however,

prevent two or more modes from combining services to create

The Interstate Commerce Act, (Washington, D, C.:
ment Printing Office, 1968), p. 1.

3National Transportation Policy, op.cit., p. 37.

Govern=-

Locklin states that the low cost carrier, on a fully distri-
buted cost basis, has the "inherent avantage". (D. Philip Locklin,
Economics of Transportation, sixth edition, (Nomewood, Ill.:
Richard D. lrwin, Lnc., 1966), p. 865.
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some new inherent advantage, but the implicit language of the

NP does not seem amen;ble tﬁ such 4 cons’deration. To sum

up, as one scholarly and oft quoted snurce puts it, “this state-
ment of policy, at least as it has heen interpreted, has not

gone beyond the frame of reference of promoting the stability

of each mode as a basic requ;rement for a healthy and satisfactory
national transportation policy".5

| Applicable Laws~~There are four mutually exclusive ways

in which a railroad and a trucking company may form a transportation

company. First, the trucker may acqﬁire an existing railroad or
secondly, he may seek new rail operating rights and, if granted,
build a new railroad. Since trucking companies, even the largest
ones, are much smallef asset~wise than railroads, it is unlikely
that either of these possibilities would occur. The second method

would be even less likely since the rail mode already connects
all manufacturing sites of any size. More likely methods of
forming the transport company would be thirdly, for the railroad
company to acquire an existing trucking firm or fourthly, the
rallroad company could apply for new trucking operating x.ghts
and if granted, purchase the relatively inexpensive motor
equipment.

If either carrier attempts to merge with the other, they

must receive specific approval from the I.C.C. as outlined in
. ,

National Transportation Policv, op.cit., p. 37.

o

L

I
S e
il AR

il
b SRR

gk oadentent Lo g e el L T

e R LR e




171~

in Section 5 of the Interstate Commerce Act (I.C.A.). If the
railroad requests new.motor carrier operating rights, it must.

obtain a certificate of public convenience and necessity as

described in Section 206 of the Act. If the trucker wishes to

construct new rail lines it must be granted permission by the
I.C.C. under Section 1 (18) of the Act.

. Since a trucking firm has never attempted to gain control
of a railroad, there are no precedents which have been set by
the I.C.C. and it is therefore uncertain as to the posture that
the Commission would take regarding such a matter. If the
Commission had developed a generally appropriate decision
criterion for determining when transportation companies were
desirable or "in the public interest", it would not matter which
mode requested the merger or new operating rights as long as
the proposal met the criterion.

There has been over the years, on the othér hand, nhmerous
attempts by the railroads to acquire control of motor carriers.
As a result, the I.C.C. had developed a very explicit standard
(perhaps unacceptable) for determining when a railroad may acquize
a trucking firm by means of the two methods for doing such as
mentioned above. Section 5 (2) (b) of the I.C.A. contains a
special proviso relating to rail acquisition of motor carriers.
This proviso stipulates that the Commission must find, if the
spplicant is a railroad, or owned by a railroad, "that the

transaction proposed will be consistent with the publie luterest
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ad will enabie guph carrief_Co use service by motor vehicle to
'public advantagé in its operétions and wi:i not unduly‘restrain
cocpetition”. 6 | | o
To ensure that the abovc prov;so is met; the Conmission has
evolv&d certain s:andards based on case precedents te apply to
such propos;ls. Huch of the followzng sunaary of the specific
preccdents was obtained from a study by B!ron Vupp K The first
case was the Barker Case (Pernsvlvan‘a Truck Lines, Inrorgorated
Acquisition of Control of Batker fotor Fruight Inc., 1 M.C.C.
101 (1936) also 5 M.C.C. 9 (1937) and 5 M.C.C. 49 (1937)) ia
vhich the Cemmission decided to restrict or confine rail
opcraté& ﬁo;or service to that vhich is."auxiiiéf;'ahd'suéple-

mentary"‘to that perforﬁed by railrouds gisalldwidz truck

service which would be strictly comdetitive wiih the rail operations.

The:kénsas‘CiLy‘Southérn Case (Nansas Cit: Southcru Tran: iport Co.,

Inc, Cozmon Catrici'Appliéatfon, 10 n.c C. 221 (1938)) extended

the Barker Poctrine to original certificates of public convenience

" 8nd necessity nol -covered iniSection 5. This dasc further re-

stricted rajl ownad truck service -te pojuls on the refl line,

and to shipsente recelved or dedvered by rall, and disalloved

LI

truck pervico bLetween "Ley patats” on the val) Mue, Sinee the

Kannas CILy fouthern and Lorier Cases, veveral Suproio Cuourt

. . .
"I Tater st vt R O A T TR
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cases (U.S. et.2l., v. Rock Island Motor Tranmsit Co. ct.al.,

" 340 U.S. 419 (1951); United States v. the Texas and Pacific Motor

iranéit Coapény,v346”ﬁ.5.v450 (1951)) havc,upﬁeld the Kansas City
Southern Doctrine. '
The Com*icsion applies the above standgrds in merger cases

and in cases uhere new operating authoritv is sough:. A very

important poznt can be drawn ftom the above an‘lvsis. As Nupp

puts ic, 1nternoda1 ccmb;natmoﬂs have been created more restrictively

vthan intramodal comb:qatlone because in add:tlon to the usual

publzc interest test, additional criLer-a have been estabhshed.8

These rescrictlonS'were spelled out at a Lize when railroads held

. considerable monopolv power aund later whern t‘ﬂ ¢

he .ruc ing industry

was a stru 1in~ fledgling, This is cleexly not the situation

now. The recent detarzoratin econoric si:uation of a nunber of
America s largest railaoads can bear testinony to Lhis fact.
The I.C.C. has chen strictly intcrpru:ed the law as stated

in Section 5 of the 1.C.A. and "the intent.appears to be more

nearly to irsure that cach mode remains in competiticn with

the cthers and to preserve all ncdes, rather than to provide

d with their relative

econorde capabliitled” Mnother sosrce ceneludes,
ecethat the friocovarls of the present reculatory
podite, by { o fiing te

$iing suiolve tha gue b ion of
sluple oune gt
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"a general pregram of presérving the status quo
- ' which is in direct oppesiticn te the overall
objective of a dvnamic trausportation svstenm

éf which can best serve the eceavmy and defense

; ‘ ‘of the country.l0 -

: The Rolc of the Department of ranspertatioen--One of the

;. ;
funzstions of the Department of Transportanidn as-stated in the '

; Declafationvof Purpaée 6f fhe‘Degartmcnt of:irauqurtatiou Act ‘ ]
is to provice general ledccreth in the identification and solution

1 of transportation problens. As such, rcsgaréh into the concept

3 . .

3 of the transportation company falls undet the JLIJSdlC;iOn of

this Departacnt. A search of gov;r:meu; docucean or l1terature

revcals that ac of yet th« Dephrtme-t h¢s not puallshcd an;
i - .
~mater1«1 related to res;-rch on the tr_“spo'tat1cq company concept.

3
3

ll

3

3

g

E

3

A

- .::_.j-é
E
3
2

i
3
i

i

3

) ' " 7o determine if any work was currently bc-ng .done oa the sub*ect .

-the author wrotc a letter to the Sccretarv of 1ransportatzon
Taquesti ng znformation cn research vhich the pepartment had done
or is currently doingvor is planning to do on thé subject. The

reply was ncpative.

|
i
1
! Inherent Obstacles
|
: As alluded to In the previcus secticn of Lhie chapter the
formation of trunspertaticn cempanics would reguire voisntary
action on ilc part of the participa.ts. .z Sauwpson and Tarris

i _ put it:

0. ..
haticn:] .111\,»"' ion Policy, on.eit., p. 38,

I . X B e 2 —h
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Agrecacat anong the firms boing e rggn or being inte- g
’grated is not aliwars casy. Since uany are cerperstions, 3
many investors with diverse poals anG chjectives must >
be satisfied, This involves beth debt and equity owvners., -
. Managenont itseli may disagree., It is not easy to merge -
' o oneself out ¢f a job, and a merped firs can have but one i
! presideat and set ¢f aduinistrative cificers. As we 3
have seen, adiustmunts in the inmedicte period are '
B ' ' ‘almost incvitable when unidication or integraolion

" : takes place. ...The tendency to avoid adjustment and .
- change is-great in «ll busipessas, and in scze of the -
older transportation firas this inartia itself is a :

major obstacle. Therefore, clicre arce obstacles in the
very 1d un‘.Of integration.1l 4
. . ¥ ]
Thls c01c1u51oa is suwported by C»rﬂgne, Clas“o"sLy and Heskete ?

when tncy faund:

, There is a erOng tendency for rallr.ad exccutives to
" think entirvely in tevms of railreading, £

companay exccutives to think cnly in termis of trucking,

etc, For ¢xample, it was no cosy thing for some rail-

U TRPT PR VI PO TP SNV VO,

L road exccutives to laam to think in terms of operating
1 a coordinated service in partncrship with truckers, a

; ‘ group long Cc crzbeu by some railroaders as "hercditary
S ~enenies", Yazeuts of the devil", or e¢ven-streonger terws
- _ of opprOJr:um. Ca the other sidz, varicus trucking

Ca . .. executives hiave been deeply suspicious ol railroaders

" and their metives in offering ni; hoelt service, These

; unfavorable railroader and truchker attitudes have served

to slow the developoocut of ;oe*;:.atod service,

Even vhen there is ... no inherent animesity between the
_managetent groups coucerned, ... there still resmzins the
< problezs of commuaications.l2

o e

While Geérmane, Glashowsky, and llesketd were talking specifically

about ccordinated services, thedr discussion scems cqually

. —

Lo appliceble (o the common cwaership preble.

1 s e . .
Sampaer cnd Farrin, op.cit., p. 333,
12 '

Gezraney Glanhoesiy, and Heodatt, cnaaeits, po 71
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Enviroumental Obstacles
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4

The very nature of our pelitical and ecenomic system may
pose another obstacle to the formation of transportation companies,
Again Sampson and Farris have succinctly stated this propositien
as follows:

...The economic eavircument of the nstica is quite
~oriented tovard individual firzs aud cozpetitioem.
‘Unification aud integration involve group action
.on the part of firms and often a deerease in con
petitica. This may present an obstacle.

climate

"From another point of view, the political
1o, Tramspor-

may be a very rezl eavireamental cbstac

tation systims serve nany towns,. couities, -and
states, Fach is a pelitical unic with its ropre-
scntatives «clected to premote the welfara of cach
particular governmontal unit., ...Seme politicians
may...CEpoOS2 [in:e;ra;xonj ot because iy is |
econexically unsound, but becauvse it is politically
expedicent to do sc. The political climate, then,
may impose a very real obsticle” to...zﬂrc;r tion.13

/ . . } :
Relntlcushzﬂ of t“*% Qtacv to rhe C.Jt‘ les

From the abov ’iscussion it is cpparent that there 2are
formidable obstacles which.pxesen;~bprri¢rs to the establishrent
of tran spcxfation COTpaﬂILS. ‘Tais tlcn;s'hasndcmcustra:cd for

the {irst tice L\at Lhcrc are m;fi iL ceenouic advantagcs

resulting frem the £ormah1cu of tr*na,ort“c*el conpanies for
o : ST . , o

both the carricrs and Lhe users.  Is this -ncnlaigc sufficicnt to

revove the chove mnnti; i thstacles Lo cesnon OﬂPLlih

13, e - 4
Sarpron md Farris, ep.cit., . p. 333,
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Before this question can be addressed, the author must

acknowledge however that the research was undertaken in abstract,

that is, apart from the real world. Thus before the conclusions

 of the‘study can be translated to the real world, the critical

- assumptions of the study must be analyzed for their impact. As

will be seen shortly the validity of the assumptions cannot really
be determined without further research in the appropriate areas.
"iIhe;following discnesion reletes‘the reeults of this research
to the obstacles which:bar,tbe formation of transportation companies.
Attention will be focused on:l (1) the need for further research

on the common ownershin question and how this needed research |

is related to the eritical assumptions made in this study; and

(2) the impact the knowledge dbtained in this study may be

expected to have on each of the obstaeles to integration. The
discussion will begin with inherent obstacles after whieh regu-

latory and environmental dbstacles will be addressed.

Relationsbip'to'lnherent Obstacles -

| "The foeue4bf this dissertation hds been on thé determination

of the economic feasibilit§ of estdblishing intermodal transpor-

tation companies. The’hjpotheticai firms modeied in Chapter II

are asqumed to be eapable of effectrvely rganizing to obtain
their goals of maximizing their (profit) contributions. This

brings up a series of questions which are concerned with what

may be cdlled the managerial fecasibility of establishing
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under a given set of circumstzaces.’ In the follcwi
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transpertatizn compaaies. The managerial feasibility of tra

Vve
ry
o3
i

=
Q
L8]
]

tation compaiics raises fuestions of not oaly is it possidble to

organizie and operate a multi-uodal transpertation cempany, but

what is the best method of organizing a transportation cempany

_. the author his pesed a set of questions in the arces or organi-

zation, operitions, marxeiing, aud {inance that should be ansverud
before attemyts are made to establish multi-modal transpertation
compaaies. . It should be pointed out that the author does not

suggest the lists of qqesticns,aré conpiete but sheuld give the

o

. reader an apreciation of the awmount of research remaining to

be acconplishedq

Orpanizitional Alterngtivis~~The questicns that must be

answefcd in this area arc concerned with the extent to which the
company should‘bc,qxganizcd functionally as cppb;ed to erganising
along wodal lines.  The authpr'poses the hypothesis that, if

‘the transpor:ation companies are organizad aiong-mcdal lires and

cach modc is operated as. a profit center, the tronsportation

-~ gompany will not achieve the czenemics frenm poscille resllocaticn

of traffic fzem high to lew cost carricre that are pessitle”

throurh a functionuliy organized cotpany. This seons reasonchle

L
-

S

because the modal proiit centers would be attempting to maximize

profits in tucir own arces without rejard te the ohjective of

total profit mnnimination for the firm,  As such it seomy that

' FT3T N TR -luubv'lﬂnm;.um

-

1
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& transportaticn company orsanized aleng modal liunes would not

result in significant econcuies, 2s was tue case in this study

where the objective wus totsl firm-wide profit maxinization.

E3
!
“

. Obviously mutters are not this simple. Oae must determine to

what exteat the organizaticn may be functionally organized.
That is, in eack functional draa, -3t wust be deturmined the

extent ‘to which the cperatiens of the modes can be coubined with

the object in miud of maximizing the total prefits or centri-

bution of the fimm as a whole.

Operaticn s-=There are scverzl questions that come to mind

vhich must be answered in this arca.

wajulenance facilities be conbined? How will the cperaring of

more than one mode atfect the scheduling prebless of transpor-

tation? What will be the effect on thc eccmaunications system

of the firms? What are theé impacts ‘of containerization?

Farlietine--What impict will the transportaticn compuny heve

on service 'offered to customers? Mow will the formation of

transpartation companies alfcct the ;pendability, {requency,

and speed of scrvice? Should the ceupany practice consultative

marketing o

e

-d

¢
-

tal

o to what extaent? gt ds the isportance plac

on single carvivr service Ly shippers?

an“: ==Whatr ncw

nance woirforcaticnal burdens will such-a conpany

maticenal flows v§11 be reguiree?

To what. extent can or should

sid



-180- -

Labor Relationg=-=Will the unions concerned violently oppose

the formatisn of these companies? how will the top management
people be cihesen in each functional area?

As indxcatcd abc\ o, ﬁhc list of quéscions is not a complete

. . A . e
sitbiimata da ,;liz,mh;.huu.‘anbh.:&u ke aiost ek SRl 2 L e ;LL,!AHI*T“

list of 21l matters that must‘Bé investigated, but should give

the reader an appreciaticn that a gfcac deal of though nust be

. {
e
vt m Mati A el

given'to the question of whether a transportation conpaﬁy is

managerially feasible. Assuming that these questions can be

resolved, hew can the kncwlédgc gained from this study be

wsezh bt bt ftadld o

e#pccfedAio-af?ccﬁ tha inherent obstacles?

1hc euthor would argue that Lhc po.extial profitability of
transporta;;on companies ehould act to reduce the inherent barviers,
Although tha vested iqtetnsts of s:nglc modal nanage“cnzs may

not entirel j ulsappeat, the pro;p;cts of increaqed earnings for

adne Ml Al 1 i L Ll et

stochholders of 51ﬂgle 1ocul ccmpsn1e= sbould act to encourage

'ho forﬂatlca of traﬁqpothLlon compun1es, given that ;he cthicr

' 4
obst1"1os ¢aa be overco:c.l'

Relatioaship o Regulatory Qbsiacles

In the conduct of thxs :nvcstigat101 it has b eq cssumed

OV " 7' asim Y- TS SRR N

tha( the I. C C. would retain the role of procecting the public

intcrvst af.ar Lraasporzation cenpenies wore forned, This is ;

4,. . . - ' . xe ;

, lnis propesition a6 sepperted, vo seme exteant, by Cermane, :

Glaskewsky, rud Huskelt when they found Lhat Loy ccordinatnd ¥
tr:w"portn:iiw i the sevvice fo ceononiesily sovad the carriers |

will eventeally providu the serviee (& ..:-t., P 7). ' 3

F
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a complctgly’rcasonable assumption.ls 0f more importance is hcw
will thc‘Co;uission react to thg information guncrated by this
study?

The Xatioaul TrAnﬁpcrcation Policy (STP) directs the
Commi* oa t3 premote Lcowo~ica1 and efflcicnt transportaticn
services while malntaining tbc inhcreuc ﬁdvautagcs of cach mede,
This.study‘has shown thﬁt a tranqurtﬁcicu cempany, with the

objcctjve of "pfofit Q:xxni/atjon is ecnnomicéll§ superior
l'(aL leas: {or some test factor comb119t1ous) to its single wmodal

counterpartis. 1hn tru1 rortat*en conpany un:eves econc:ies

by the qllocatioq of tie modes to movemonts for vhich Lx-y are
low cost qu/ox the m#ximum coatfihution tzethed of movemint,
That is the‘trgnsyortafion coipaﬁ& uscs the méﬁcs en cﬁe route
segménts in which they have thé "inhefent advantage",

It is,tﬁe authers opinion thaf if the I.C.C.ﬁeré‘ccnfrontcd -

” with such qu:uL1Lat1vc13 dccu&cntcd infcr:at:oa the Co“mzssxow

would be hard pressed to deny thatr such a coqpany would not be

"{n the public interest".

Relationsi:ip to Paviventiats? C‘fL*cJ(s

e e e

The rajer envircmneatal cbstacle vhich nay p'OVt at the

o

foruation ol transportation comparis is

Qe contenticu that

the fermaties of thene ceupanies uay act to veduce cc"..- jen

15 . s
In the Neviicorn

M e (L8, vs, I...C (SR IN
390 V.5, H1E) Lhe S i that the Czarress u" )
the Co.oovincing (§.€ Seteradinine 30 prosaesed Suie
soVidntion. ate 'esn. i
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and correspondingly result in the elimination of some facilities
and jobs in mome locales, It is not clear that the formation of
transportation companies would result in less competition in

the transpor:iation industry. What has been determired in this

- study Is that a trausportation company would use ‘the modes in

a different manner than thoy are being used currently by single
modal carriers, The differceant allocations may require some
relocation of facilities but, until the extent of pessible

econonies of scale .can be dotermined, it is not certain that the

formation of transtportation ccrpunies will result-in the

elimination of facilitics, duplicative jobs, and so forth.

It is unlikely tlat the cresticn-¢f & tramsportation company

‘would result in the elimination of facilities, duplicative

functions, and so forth, co the same degree that occurs when

~two carriers of the sarme nmode are terged. - At any rate, the

I1.C.C. is the afbitrator oi ‘what is in the public imterest

and a2s such must hear the testimony of those who. would oppose
the formation of transportation eompuuies. To thc.c#tent that
the crcation of such ﬁnmpanins would result in the eliainatien
of facilities, jebs aud so forili, will determine the oppesitien
to rranspor;ation:csnpnnies-by;localcs,ypoliticiqus,4unicns.
otucr compctiu; single moual carriers, ang so.fcrth.. The end
result ié thit, e though :ﬁjs study has indicared the
potential econcnrin adventa us of tramaportation (ouninins, this

fact will probably bave LitLle dmpast en the rensval of the

FAEIREIEEN 11
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environment:l obstacles. - Thus the Coimmission will have to

balance the cconomic advantages for the toanspertation |

- companies against the economic sacrliices which some people and

locales may cuffer.
It wmust be pointcd out that further research is required

to determine the extent to which economies of scale may be

obtained by forzing transpertation cempanies. -The greater the

econcazics of scale, the greater the ucononie benefit to lerming
companies but correspondingly, .the majaitude of the econcnies
of scale arc inversély preportional ‘to the ccbncmic'sacrifice
sone pcoplé and locales will be required to make. That is,
the more ccbndnies-of scale the company achicves, the greater are
the reductiens of facilities and jobs;

This chapter has placed cmphasis on the fact that the

ccononic aspects of common ownership are but one facet of a

‘multidinensional problem. -The chepter has not attempted to

state all arcas of the concept which need future investigaticn
but has attcmpted to list dkportait areas that require further-
thought. The following chapter will interpret the results
of.this siudy vith'respccu'to all the issues of ceruon cwner=

ship and proovat the implications for the future of the concept.
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CHAPTER VII

CONCLUSIONS ANL IMPLICATIONS OF FHL STULY

The results of the simulation were discussed in Chapter V.
Attention was focuscd on the efiéctS‘Upon the performance measures
prdduccd by the test factors. Chapter V ulso described how the
average perfornance measuros diifered betveen the single modal
éafriers.hnd the tz&n%%bftaticn company. Thevahalyéis was mainly
concered with desczibing‘the nature of the effccﬁs and dis=
cuésiug ihe nodel oﬁerations which caused them. ‘Chapter Vi

identificd other aspects of the transportation compauny cencept

and related them to the rescarch acccaplished in this study.

The obstacles vhich currently bar the establishment of transpor~
tation.companies in tﬁc_Uhiﬁed'States:wére discusscd. Chapter

V1 also indicaﬁed'that there was a need for further research
(dther than ecﬁnomiﬁ analysis) on the conceptiand rélateé the

need for this research to somc of the criﬁical'aséﬁmptions
‘made in this pfbjcét;

| 'The'pﬁrpcse:§f this chaster is three fold.” First the results
of the research will be brought togecher in one convenient place.

Sccondly, the chapter will dndiccte future avenues of rescareh’

which shiould be pursued. The sugzgested research presented in

simulaticn’

o

this cuapter is ceucerned with extensiens of the

model, This &iffvrs frem the research prepezals preseunted in

e bt s e e w M SlTEEESEY) sty 3 @ el
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the last chapter which were concerned with matters which were
external or 7ot cousidered in the simulation, Finally the
fwpiications of this research project for the real world coa-

sideration oI transportation ccmpanies will be presented.

SUtmnrv of the che 1cﬂ

It was .ound that most o the avc*abe diffoer nees of the
per[ofmaﬁc» measures bet\c;w the tran*pﬂr tiqn ccgpeny and the
'sing;e mcd§l“carriers wer2 significan;, More §peci£i¢ally,
for IL/CL noveRents it was fugnd‘tha; the exposted ﬁnd actual
cpntrjbu:ion.of.thg tra:spor:a:ien coméa ¢ was 117 5rea:er
than tie sum of tne:c ncnsurcs for the single gvda% Callicls,
In the LIL category of movements, thevc;peﬁted and actual
'contr*but1on of :he :ranspoz:a:1on company was 1 % larger than
‘the ccabined conird &utgcns ci ;he singie modal‘car:;crs. The
transportation ecompany also had Lhc effect of signi 'ficantly
rg@pcing‘thg prjc; paid by shippeors for LTL transportation
serviccs;by 123.

The prine courideration ol the research was the ideatifi-

(LYY

cation urd axplanat on o. thic oumner din vh~fh the levels of

-test fuctors 3 aifcet th aﬁ'rag periemnance neaseres, T
analysis of :he Cl-OLLb proc 28 Fy “he oFx test fuclors, fev

each leved of the size bl shipnments p-.u cLu., revealed under

what operating cound

.

ticus (test factor lavele) the trancperiatien
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company was "ecéﬁémicaliy superior™ to the single modal companies
and.iicc versa.
The major results of the analysis are presented in the
following staﬁements: :
1. 'Thé redﬁction of tﬁe tfuck operating ratio frem 997
 :§ 917 had nd‘mﬁid effccﬁ on the berformance of the
transport&tion company or the single modal carriers.
2. Thé main éffécts of a reducﬁion inirail operating ratioc
froﬁ 85% ro 6 7 was to increase the expected 2nd actual
.concrib‘ 1 of the transportétioﬁ company cozpared
_ to that of the singlg‘mod#l companies for Both TL/CL
anq ;TL traffie. Tor TL/CL traffic, this chenge also
haqbghc eficc; of.reducing the tatai price paid by
.trAn;pbrﬁaﬁicn ccnp;ﬁy ugefé thin ﬁhen this factor
was at ité high level, | o
3. The increase in ;rucﬁ load factor from 100 C«<t. to
300 Cyt; ac;éd’tq iﬁc;casg the p;égg paid by users
of the Franspértaticn copp;uy for bétp TL(CL end LTL
- movements, This change also decreased the gpcc:cd
coupr;bution of the tradsportation company as.cqme
parcd‘xo tkc cingle podal companlces in the LTL
marpct.
4. The dncrease in rail load factor {rea 400 Cwt. to
800 Cwt. served to decreaae the difivrince in

cexpeeted and actual coatribulion hoetween the Lwo
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N _ organizational zpproaches, This change'also had the

R S L

effect of reducing the price pald for transportation
company custoners in the LTL market.
5.  The recduction in the amount of capacity aﬁailable in
| the e)@tem acted to increase the price pasd for

Lo : »transportaaxon ccmpanv users as coupared to when this

| | | _factpr was a; its high lgvel.

6. Théuteducticn‘in tﬁe'aﬁount of uraffic censtrained to

| the modes.by shibperé}Llagisti;s cons:taihts acted to
increase the e\pccted ard actual concr;but1on of the
traﬁ portatlcn corp ny over that of the single rodal
c#rr;crs for Tu/C; movanents. Th:s changze served to
reduce the price pa:d for Lranqvottatzon by transpor-
tation corpany usecrs for LIL sh:pments.

7. There were 47 {of 330) sizaxf:cant interacticn effects,
The manner in which;tbese interaction effects affected
fﬁe pcrformance peasures is 3raphic;lly displayed in
xables XVITI and NIX 1n Chapter V

Jt foust be strcs:ed that thie results just deseribed pertain

to thc analysis of the simulation model per se. That is, these

results were obtained from the manipulatien of a mathematical

wodel which v formulated to resemble the real world pheacrenon.

Before thesc resulte ray be statcd &s trutls rescarch and analysis

in the real werid 5 required. ” 1t should also be poiated out
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rmme s eestnab the hypotheticzl nature of the study ma§ be justified'by

the lack of Znformation on

what the economlc impact of establishing

‘transportation companies would be.

These results may be restated as a set of vorkﬁng hypothéses

that may starnd until verificd or disproven by real world sescarch,

The analysis of the research boints to the follcwing hypotheses:

MAJOR HYPOTHESIS--A multinodal trameportation company composed

of a railrcad and trucking company will

generate greater coatributicns to fixad

and/or common costs including a profit

allowance thaen.its single tod:s? counter-

,pafts at the same or lover cests to shippers,

SUR-UYPOTHESIS ~-(1)

The operating ratio of the trucker has

no affect on the econcmic performance

- of the transpertaticn cospany. .

- (2)

(3)

‘The operatins ratio of tﬁeigomposige
railroad directly affects'tﬁc‘econcmic
performance of the_trénspottatgon
cbmpany; The lower the operating

ratio the hi;hcr wiil be the total
contributien,’

A transportetion tempany with high truck

and rail loal fzctlors will have a largor

contributicn than a trenepertation

ceipany with low truch wad rail lead

Y 4“.1"‘..!@
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it R o el cabibdisE

e Al

e e . f3CTOYS, 1E the rate s held

constant.,

- (4) The more traffic is constrained along

modal lines by shippers' logistics

e b«

constraints, the less will be the
~ econoaic benefits of creating a
trénsportation cc:;aﬁy.
(5) A traunsportation ccupany is cspécially
iikely to increasc the contribution and
"redﬁce the tetzl price raid for transpor-
tation in the LTL marke: as comparéd

with single n0dal cperzticns in this

T, Y LT R T i&muna&%rdu»md

‘markct segment,

Furtliier Research Recuirad

Chapter VI pzéscntcd the najor anstacles which bar the formation
of transportation companics in the United States. These were
-identified -as regulatory, inhercut, zad environmestal obstacles,
These obstacles wérahthcn related to‘soﬁc of the assuuntions nade
in fhe project, As a rcrvl; of thcese obstacles and the aésumpticns
made in the study, it wes duternined that further rescarch was
requir~d to Jetermine the validity ¢l the assumptizns wnd to

" deternine if the obstacies coull Le evarceiw, There wore several

sugresticns nade for further rewcirel in the arce of munagerial

feasibility.
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vuzs Inoaddition te these research efforts, the nature of the

~simulation mndel also suggests other avenus of rescarch. It
| must be understood that the simulation model itself was the first
attempt”madc ig th#é arca to attcmpt to anstrer the types of
qucstions-addressed in this dissertatica. As such, the simulation
model was necessarily of a simple construction. The sinulation
analysis could be enriched by.e;pandiég the nuuber and catégories
ofltcst factors., As explained in Chapter III, cnv;ronméﬁtal and
comrodity I;cto:s were not considg;ed in the thcsﬁs; Certainly,
enriching the model to consider these factors would adyance'the
medel to a nore reai~world-like abstrac;ioﬁ. The mﬁdel‘could
alsp be made_mo:c}comp)ex to involve the recl world schecduling
problems.;arriers have to trying to place thgi; egui ngnt at
the r%ght_t;pe in':hg_:jgh; place; Fut:hg;aore, thcksignificant
‘intgractiqq effects could be exaxined to deteraire which of the
aliasesﬁcaqsed the si;nificagcg. | | |
'Agb;her sub;le and implicit faqtor vhich sﬁo#ldAbe brought
“to the rcadef'g_attentiqn is the fact that thchsfgu1§tion was
undertakeq for & transé;r:ation system in whicﬁ thg £pu;e structures
of the foraing compunies were parallel. What Qcéld“b;A;he effect
of different route structures on the pericruance ol :raﬁsporta:ioa
compapigs? {he autior yoses the Lypothesis that if the route
§Cruct:rcs pf‘thc forning carricrs are not a;prcxinatc}y parailel
or, 1f the route structare of enwe carrier dees ﬁqt lie within

* b r £ T ‘-. A. . i - : - -
thot of tue cther, the Jermation of a tramsporiatica cupany

.a:..lq‘al.ﬂ..u;. - Niln ki e
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“"would not result in significant econcaies. The reasoning behind
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this is that if the single modal route structures were not parallel,
.Bué say end to ehd, there would be no opportunity for the transpor-
téiiﬁn company to allocate traffic to the low cost mode. Thus in
effect éltranspcrtatidn company with this type of route structure
_would be nothing_moii!ghan'a,holdiﬁg écﬁgnhf for two'distinct
modaluoepraiiohé. This ﬁucscion descrves further investization.
Aiso this project has been a shert rua éhéhénic analysis.
The investigation wdg:conduﬁtcd'oh the basis of cﬁrrent opcrating
plant and usiﬁg‘the Eﬁ:rénf staﬁa-of-:he—art'techﬁolagy in
transportation, In the;past teéhnologféal developzents have
played key roles not only in the development of each mode, but
also in the nannér in which the modes have ccmp?:ed(with each
dﬁhct.‘ What £cldtionshi§>will future techaological developments
havé'oh thé'multi;mddal transportzticon ccﬁpany? ¥ill future
technological developments reduce the econdaic benéfits of
| trénépcrtatidﬁ éompeﬁiésé"Aééin {hese are but a few of the
. B . . ‘
unanswered questions concorning cemon Gwiership which must be
'addfcsécd ﬁeforc serious aﬁtem@t; arc made to. form transpor-
' tatldﬁ‘bompﬁﬂies;
| Finally, the qudstion of the cxtenﬁ of econtnmius of scale
must be addreused, 1hu SimuldLEOH_nudbl ceuld bé enriched by

allowing for a sensitivity analysic of the fixed andfor ccnzon

costs to determine the fumpact of varring degrees of ceonsumics
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-0f scale, This would allew one to directly ascertain what the

effects of tte factors are upon pro‘ztabil ty of the firzs for

varying econcnies of sc~le.

IMPLICATIONS OF THE STUDY

Although there remein a lot of unanswered questions which

'f"must be resc‘rchgd conccrning the eemmon ovnersﬁzw qucstion, this

study has been a s:ep in :he directiou o: cbta:ning answers to

vthosewqﬁestion;. It has been pointcd out that the-results of

this study nust be verified in the rca‘ world. A5 such the study

has served ‘to develoP a.set of working hypotheses which should

be tested in L real werld, In cther ‘words, it is the author's'
opin;on tnat Lne econonic bcnef~t of t ..por'at1en comparzes.

over thelr siug1e vodal cvun:e*parkﬂ, dlSCOVO’Cd in thi, thcsis
shOuld provu;n thc 1rprus ¢or a sut o£ cx pcvlh;nts xnvolv1nb

transporta cic-.*. co::\pani ts "i n :hns : ~-conntr".

If the YCuLeI is uvx CCnVIuCCu Lhat the results of thiq

disscrtatioh"warrant sucﬁ a'dcxﬁ"tiow from curreat polacy at

' @ y v AT : N : ) : . o : TRy §
the very minizuh th;s'disscttation should serve to elevate

the concept ¢f transporiation ~omvan1es frem the sphere of

emotional and scmetizes illogieal ar*ﬁmantﬁ thit have surrounded

“the conzept “er years. The main coz.rz.Lt on o[ this dissertation
may thea be considered te be that of intrelucing th; conccg: of

systews analysis to thin faportant jssve in trannp »aL:ou. As

such this dizservation sheuld ferve as Impetus Loy more weahdngiul

. . . -
dindepue and regcardic e the subje ot
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APPENDIX 1
‘A, THE t TEST INVOLVING PAIRED OBSZRVATIONS
, OF TWO POPULATION MEANS
To determine if the mean »differences béf.wegn fhe performance
measures of; thé _:ranéfprtatioﬁ company minus those of ‘the single
modal carriers were statistically significant, a t test involving
ﬁgiréd obs‘ervatiansf{ras utilized, This test vas used because the
observations (from each simulation run) of. the perfor;nance neasures
for eﬁch organiéation‘al alternative are related to one gnéther.
'Ihat":ls, -the random -component:‘s} and parametric valpes were Sgld
constant acrcss thé"organizé'ﬁional alternatives for one run and
vg:iéd.betweeﬁ j:uhs . Thus, the observatiocas ocduf#?d in paivs.
. The exact hyi:o,-the.s’is which was :ésﬁéd ffor ea.:h p.erfbxmance
measure was: ‘
‘ HO: v a =0
B: oy, ¥0

-where :d»y 48 'the me;n differériée of the particular
transportation company performance meaéure minus the
performance measures of the single modal companies.

The null hypothesis was fejected i€

d - 2
tn-l.(%) 23 d n 2 tn—l(:" - .2)
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LR T Sighere tn-l is the t statistic with n - ! degrees of

freedon associated with a particular level of significarnce 1,

n
zd
d= i=1 !
n 3

= X - .+ X
d; = Xpg = Ky + Xpgds
; = one observation of a particular performance
‘measure of the multi-modzl transportation
_company,'sin le medal trucker, and r .ilrcad,
respectively, - ' , .
n .
L =2
T (d, -4)
EE i .
d n-1l
n = the nu.bor of pax*cd observations which was 32 for bath ‘

the TL and LTL category of move:ent.l

‘B. THT ::LsuaIS CT VARIANCE OF THE MAIM AXD

Fl?@l‘o'\l,un Lnl- b\CL‘.A:; '-FI-L’"]-D

The fixnd effects anal"éis of va rzanse ( OQA) rodel was .
uscﬂ'in'this'miSSCr:a:io; to dec-rMJﬂc if the 3a§n and Jirst-crder
fateractica cffc:as ware statdstically signilicant., The ANOVS
tes hxi*n-':: bascd on the fact that the tftal sun éi sguares

deviation from the oean chservalion can b» partitlenad into the

1
Tive tealur ds relerres to fuenther, o2.aiz,, ope 2428 for
a moere dewadlod discuscion of Lhis rest,
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B AR

TTRsum ¢l squares associatcd with the main effects,

Interaction
efiects, #nd e:ror.2 N .
Mathematically the AYOVA model used in this project is LT
_ .88 follows: -
- | ST = SSA+ SSB+ S§SC+ SSD + SSL -+ SSF
] ) .. ... SSAB + SSAC + SSAD 4 SSAE + - e
| | SSAF + SSBC + SSED + SSEE +
SSEX f SSCD'+_SSC£ + SSCF 4
SSDE + SSDF 4 SSEF + SSE ..
where SST = total sum of squares,
§SA, .SSB, S8C, SSD, SSE, S5F = sum of sqhare§ associated
| with eech main ofiacr,
SEAR, S84C, fSAD, S5AE, S§SAT, SSSC, * sum of squzres assseiated
SSED, SSBT, ¢ ,sa1, $3C0, ssc, ssc with the respective | :

SSDE, SSIT, SSHF

SSE

interaction cfiects
sum of squarcs associated

with the error torsm

The Lc*l Statistic utllnzcd in the analws1< of vat;ancv to

The F r. t..l.O is ?a-a‘]‘ the
interest (;;:)
SquUares are sin
above dividaid i, Lie mprrerriaie dog

e s v = e b - -

ach Sul

et . e Lt :
CEEECE TY N T A S S PR

determine if the PLl¢ ﬂ‘POshCeLS concerning thc maia and

vided by the nean square error QISR

irst

order interactiun cifeets should be r;;ectou As the F Ta on.

siean square of che Lraa:ncn: of

e )
s e 1O mizn

y the fun of the squares of caeh tern fdeutiiied

voes of frcodos (Gf),

3} .
Chaplar 5.
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_ the F ratio is grecater than the Fooo (1 = o) statistic the nll

1°2
hypothesis that the factor had no effect is geject&d. rl,and-rz

are the degrees of freedem in the numerator and -denmcminator of the

F ratio. . ‘
The ANOVA data obtained in this study for the TL/CL expected

proiit performance measure is presented in Table XX for the interested

reader. The degracs of frecden are the same for each of the other

pcrfornanée'ﬁcasures;3

The cemputationad feranlas for e sun of squares may be

found in Gueatiwr, Hicka, co luadeuball,

Norst st dod ity ma. e i 2t et o2 i e MM

.-.«:u.muuaﬂum. [ VTP T TN

Lot
o bk ST

-rua-ﬁl.!..:aw'.‘n\sﬂél;ﬂ. 5

1
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- PABLE WY . o e e e emy ._:......_h__."._:_‘_,_' :
ANOVA FOR TL/CL LXPECTED PROFIT ) . 3
Source of  degrecs of Sua of _F ' LT
~Varijaticn frecdon Squares ratio = N
A 1 86,064 .00024 : R
B 1 2,68),612,82  7.06678° _
: c 1 77,4B4,004 22012 5
"p 1 2,928,671,473  8.31974°" B
E 1 778,271,971 . 2.21091 | -
3 1 £,977,039,915  25,50187" 3
AB 1 77,056,877 .21890 i
- AC 1 491 .00000
| AD 1 7,202,549 02046 . :
AE 1 631,307,171 1.793641 q
AP 1 9,119,695 - .02593. 3
BC 1 790,168,720 2.24470 B
BD 1 2,625,743,362  7.45920° 3
BE 1 214,529,719 50943
BF 1 1,032,111,683 2.53201
D 1 17,847,982 .05070
CE 1 1,613,393,219  4.58231"
CF 1 6,116,515 .01738
DE 1 80,086,535 .22751°
DY 1 1,946,189,605  5.52871°
EF 1 46,237,059 - .12564
ERROY 10 3,520,149,339
TOTAL 3 ,
Si;;::ifjéa::t 2t othe 109 devel
*f;Sf;ﬂffiC-“.i‘a: st othe 50 Jevel
M mipniticone et the 3 2ol

o Ty £t L R 0 vl W N R L s e
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APPENDIX 2

A, FLOWGHART OF THE SIMULATION MORZL

TETT TRRTNRPANT . TLRS TR WO 91

A verbal describption of the simulation model has been

presented in the text of this study. Thus, discussion of the

discussion uf the sinulation model, the flouchiart of the nodel

;
! mlﬁ'ﬂb

vas not included tc increase the rcadability of the projecct.
For the interested reader, the flowchart of the simulator is

presented in Figure 3,

3
4
i

B. THE SDMULATION CCHIUTTR FROGILUS

i
% The couputer pragraa of the simulation model is presented
! S ~a o .
' in Figure 4. The coding is uwrittén in the CMIITAB cemputer 1
l . . N . o -~ .- '.'1.
: e
language, 3
i : a
4
']D:.,' gt vy SaMly Ty Peevy, end Rualhc U Vorner, ZHITYAL 17
User'e W YyoUnited Traten fepossaent of Coroieroe, ot A
HY S TRV O P R SR e v -’.‘l.!r
L O S SN REIPIPUTY Ml PSP ENSP R ————) |
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Figure 3

Flowchart For Simulation Model

Q) determines the full
costs of cach mode
on each segment
multiply the
full cost
. contribution
NO me NO iby the amount
2 v\ Compate o, =.of traffic
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e by this zode
; ’YES : . {and store -
- AL »:! aceded capacity
: !multiply .6 of multiply full e

this segment

cost contribution
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by that which

. Jto intermodal 9] pet go by this
" jeompetition mode and store
plus that

%) needed capacity

reserved for
this mode due

to logistiecs
constraiass by
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- ‘ the contribution {meltiply competi-
d and store necded tive centribuzien
{capacity o) by e¢stimates of

copetitive
trafiic he will |
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this mode and
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nultiply the
contribution by
amount of traific
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this mode and
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store needed
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{E)
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than one
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. (18)] repeat stop 3 through
9 for ottur methed

. (16)
(19) , ol Store E{ [ Go
_ , k “{ end B To .
L F
‘ ~‘\=‘\'0 ‘17)
Store D
and H ‘ .
(21i Go
YES _{Store E
(20) .‘~ and 3'\ ] -_3 'IEO
JNO
"~ lStore D
(22) and A’
’ (12)
F Yo | Storedd,
o= f aad D
‘frepeat routine
until all sezments

- repeat steps 3 througzh
have been exhausted { - Q3 9 ?o: o:heg zethod -

oy

(23 ranl. the contri-
butions of the
nethods

s !
N i .2

subtract the capacitics required
{or wovements from total capacity, :

(ZANbeginning with mode and route® oy
segment with largest coasribution,
until capuacity 13 exhausted
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Repeat routine Zor trucker
(25) » .
repeat routine
.} for trucker
set FT 140
(27)
print the
. _{1. carriers capacity allocations
(26) - 212. modes nxpected and actual -
. . profitrs’ '
i ‘§3. price paid by shipppzs .
NO
_ 54
) WY ’ ~ 3compare results | .
’ ¥ shippers will nave .~ Juith those of
'(28) to go outside ‘ the traaspor- ‘
- systen for (29) - jeation company
carriage, or go - . *
private
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OMNITag ALGORITrM FOR RATE DETIHMINATION Ann CAUIeMENT alL0CATION PAGE W
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INSERT 2 722 &
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INSERY & 11 2 2 89
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INSEAT 80 3 & & 8O
INSERT 4 1322 )
INSERY 6] 13 3 3 83
INSERT. 61 | o4 4 8}
INSERT 2 15 2 2 82
INSERT 52 15 3 3 82
INSERT S2 ) 4 & 82
INSERT 19 |7 22 %)
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INSERT 19 18
INSERT &0 18
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INSERT 24 2)
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INSERT 23 |7
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L1531 OF COmmanDSe CATA anD OIACNDSTICS
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LISY OF COMMANDS: DATA A~D OTAGHOSTICS

VABISL

112.171FNE 67 3,0 .
11202/77ATCH 57 66 %7 99
112:3/MATCH 57 99 8,0 S7
US2IFLE 11 0,0
" 1124521FLE 72 0,0
11246/5UBTRACT 70 69 76
11247/SUATRACT 76 T} 7
112+8,PERFORN 108 3112
11371FNE 67 4,0
318/7uhTCK 5T 66 ST 99
115/::E§n 57 99 0.0 St
116/ 73 0s0
$10,1/5UR1RACY Tg 69 76
21642/5UnTRACT 76 73 73
11V/PERFORM 107 112
1IA/PERFORM 3101 10]1,4
118.1/9€ronm 312,1 112,08
119/PERFORM 113 117
119:1/3FLE ST g40
PEREORMN 118 119,] 3p . ' .
ERASE 46 67 60 69 70 15 76 ) .
RESET 23 :
119:4/7AHOYE 1065 20X1 )22
119,5/SUBTRACY &2 6g 6
PERFORnltlaqb 1198 ’
120/7MARINUM 65 g5 88 67 59 &8 60 69 98 9%
lsiollta‘sﬁ 9 s1 70
120.2;1::§ 6T 2,6
120370 N 98 96 65 9%
120.%/70ATCH 98 96 9,0 6%
e T
22 0.0
{ZSISUB‘IMCT 7069 76
125/5UBTRaCl 16 12 72
1zo/su:1nac1 76 7 7
T/MATCH 99 2
: {§BINAICM "9 tg io gf
o 123.11:£;c: 59 68 0.0 65
i 128.% EY 30 .
p : 128,9/8uavE 1496 10x1 21496
128 1/MATCH 97 96 21 w4
;;9.£/ulrcn 97 96 52 53
129,2/RESET 20
129.4/1FNE 67 1,0
129¢5/MATCH 68 66 65 99
129,6/uhTeH 85 99 0,0 63
130/1FLE T4 0,0
' ‘ 131/7SUBTAACT Y0 49 76
i : 133/5u8TRACT 10 74 74
! 134/PERFORN 127 128,1
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" TLIST OF CoMmANDSs OATA 0y OIAGNOSTICS
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RESET 30
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ERASE 65 67 ¢@ 69 %0 75 ¢ .
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. . e /SUATRAL [T
: . :r:'cﬂ 138,3 1“.‘ '
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10275047020 Y 78 e? 1 . e .
14&/5un1aace 76 77 74 I TR .
345/-091RaCT 28 72 12 A . .

096156

v

- N -
oern s o ——— c e e

..
e e renasreme nan

e

L empav e v gt - p————— St ¥

ER——

e mveear-a s sagpa

Ve PRI R P e T e,

v D el Py o L TR IR
EL{HUIZE

P o o e - S st stese mae wetn bew e we 4 e B G eRr A, wawsiie w b oewee B L
- ewee e e 1 ters swwss W

e




——f-----l-llllllllllllIllllllllllIllIlIlIlllIIlIl|ll|l||||||||ll|||||||||||||||||IIIIIII

. . FESIRY] o A -~uwo~_(‘.‘pur'u_n'M-”:v_tau!ln_!—,'{uwn-.- wg-u-w“- =
it o e s . PR .

- —————. e e s S L MW MRTT :
.““u:r-— 3

t

NIRRT 1

IR 0%

-215-

akmi»& e .L;i\iif.: ..-.. <4

:
1
;
13
e
i

1
Ly

hw;-JJ

h
1
ralb.

)
B
-

OMNITAB ALGORITHN FOR RATE OCTEMMINATION

AND EQUIPNENT BLLOCATION T T satk qoe

™

LIST OF COMMANOS. DATA AnD D1AGNOSTICS

.

0uETST
\‘\}'&.D!‘

1607ERISE 26 i
1677VATCH 99 46 24 83
14R/#81Cx 9 A6 79 80
169/7:a1Cn T8 68 0,0 94
. 1a941/PNE BT 4,0 L
. o o JA927MATCH B4 66 Be 90 . L e e e e e
149, 3/ma1Cn B4 99 0,0 84
180/71FLE 73 0.0
JEL/SUBTRACT 70 69 76
153/5uMT0aCy 76 73 73
1%a/PERFORN 247 149
Saed/7IFNE o7
L8 v S 1813 ST
166,3/,4ATCH 84 99 0,0 86
&5 /LFLE 11 06
%‘O/suctgacv 7% &9 78
188/5UBTRACY 70 71 11
180/CERFOPY 14T 349
160/PEQF 00N 139 149
16y /0gusoon 199,1 156
142/PLRF0PH 184,1.159
14241/1FLE Rs 0.8
profown 160 162,31 0
PAPSUN 8} J2¢
POINT 77 78 79 A0 81 128 82
1331‘657095 12 1.29 X2 1037
183,57uEc1crE  AC.S 1eas Ind 2937 1004
16306/RESTCRE  AKeS §,48 111 2441
184 /HESTORE 74 1028 aFa )¢ '
lzglezs?nnt 89 2,32 3pf 1.33
lov/°65'§:g §5 1,32 2%8 1,98
QeS/RESTONE 9245 J049 1] 204
igo/gtgvngt 99 1432 lnﬂ :f" 1
:1\/°:°:g;e 137 2477 128 0,0
2/ " 163 17
=7£Ingorunu ;2 01 }o
177/7440VE 1,8% 40%) 1,30
LIR/PERFSAN 163 164
170/p¢RsNRM 97 Q9,1 19
179,1,/P6850Rn 100 100,9
1A /KESET o
JR1/PEREORN 118 119,1 Y0
IRI/EFASE 08 67 68 &9 70 75 16
1807RESET 20
1Ae o} 7VEQFORM g)q.. 1319.8
.- . 185/p¢Reqom 135 195 1 20
; §85,) PANSUn 82 123
¢ 18a/PRINT &R SQ 80 61 G2 123 63
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_OMNEITAB  ALGORITHN FOR RATE OETERMINATION ANG EQUIPMEMT ALLACATION _ . . PAGE 108
LIST OF CONMANDSe OATA AND DIAGNOSTICS

186,3/PRINT S0 S) 52 §) S 122 8% ' : . S
187/7RES€T &9 . . '
IRRZERASE ap 67 4B o3 (0 78 76 '
tA9/pERFAR™ 137 YDk 1o . B
1907 AMOVE LenT 40X ¢7] . :
101284UD 371 40xE 1o24 197} B .
“=10Y, 1/PERFOQH 13M,3 138,64 . . P .. e e . N I
192/PENFOBM 140 162.] 30
92+ 1/Va05YN 24
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AMOYE 1,1 40%1 1,26 K
AOVE 148 40X} 1427 . : . .
AuovE 10100 10xY 1,4 . . . D
aSVBTRACT 1,100 1041 1,105 1,48 )
ASCHTRACT 14101 20%1 14107 a9
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?. LIST OF COMNANDS: DATA AND DIAGNOSTICS P
3 : . ‘ ;
2 3400 4400 ¢ 0 7200 2400 0 0 3000 4n00 4 0 7200 7200 s 0 10800
2 s€
;uzoo 0 ?rooo 82000 57600 0 52000 50000 21400 0 19¢0p 22480 62600 0 $760n asngy
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PEAFORN 172 )
- ANOVE 1e100 ltl) Yoes
. AquItACT 14100 108] 1,100 |00
: ASuBTRACT 1,103 J0x) 3 1,313 1,49
AMOVE 10) QQXl je2b
AM0Vg hu wn 1-2;
‘v?v! 10015 %0x¢ 1,1

:::gno zoooo 1'200 za-oo 50‘00 *3200 28900 39090 12019 ‘bco 500 13200 12409 9604
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26400 0 24000 27000 26400 0 24000 27000
* PESFORM 172 39) s
' . SVOVE 10142 103y teas
: l:ua'alCt hlGZthl 14109 1,48
faaet 1,101 10%] 3,107 1,49
l“OVE 1046 60!1 1026
AVOVE 1420 4vi1 1429
Auvvf 1e11® apxa Le1} . :
| 3:300;2«0 Y000 52299 12800 3000 2400 16%9 12000 zaoo Jhoo wooo m«m 19002
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IST oF CommanDSe CATA A-0 DIAGNY.TICS

32600 0 $3200 42000 15000 0 300 19800 32e00¢ 0 JI200 42000 14¢A0 0 4800 19200
SFT 33 8%
30609 0 10800 9500 16800 9 reoo 2leo0
PRMFLRa 172 193
AMIE 10100 101 leds
- -0su81okc; 1070y 1021 16108 1,48
asvs’aact 1,101 1051 1,110 1,49
AMOYC 1e3 4021 1e2n
Aunve 1412 auxl 1427
Au"'t 10116 4034 2T

(134

2«:00 l’¢o 1203 30202 37500 9000 9000 52200 6300 7209 10800 Se000 36000 7200
SET 1% 34

lohoE’bsooo 20400 1200 4800 J3500 24000 4830 4800 33500 12409 2000 240¢ 16300
;s.og 1200 8UCD 3300 26400 1200 4800 33600 36000 7200 T200 $0600

:|0?00 ¢ 0 2800 28203 0 O 4320V 28800 0 [} 63200 24890 0 0 432¢0 19200 0 » 20000

SFt 21 31
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set :
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